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EFFECT OF SULPHUR ON DIFFERENT CROPS AND 
SOILS! 


By O. M. SHEpp,? 
Chemist, Kentucky Agricultural Experiment Station 


INTRODUCTION 


There has recently been some discussion as to the importance and 
supply for plant growth of sulphur in its various compounds in soils, 
and whether or not it may be a limiting element in crop production. 
While it is one of the essential elements, the amounts found by the old 
method of ashing plants were so low in most cases that it was generally 
assumed there was an abundant supply of its compounds in soils for all 
crop requirements. More recently, however, it has been demonstrated 
by improved methods of analysis that most plants contain much more 
sulphur than was formerly thought to be the case, owing to the fact that 
in many instances by the old method the bulk of the sulphur was lost 
on ashing the plant,-and therefore was overlooked. The question then 
arose as to whether there is an ample supply of sulphur compounds in 
soils for crop needs and especially for the best growth of those which are 
now known to have a high sulphur content. 

Hart and Peterson (4),*° of Wisconsin, later the writer (5), and after- 
wards Brown and Kellogg (2), of lowa, Ames and Boltz (1), of Ohio, 
and others have found that the sulphur content of many soils is low and 
that there has been a decided loss of sulphur in some soils which have 
been cultivated for a long term of years when compared with the cor- 
responding virgin soils. 

Some investigators contend that, although some soils are low in sul- 
phur, lower in many cases than in phosphorus, this is compensated for 
by the amount brought down in the rainfall; and as a result it will never 
be a limiting element in crop production. There are others, however, 





1 Approved for publication in the Journal of Agricultural Research by A. M. Peter, Acting Director, Ken- 
tucky Agricultural Experiment Station, July 25, 1917. 

2 The writer desires to express his thanks to Dr. Peter, for his helpful suggestions in the preparation of 
the manuscript, and to the county agents who assisted in the collection of the soils. 

3 Reference is made by number to “‘ Literature cited,” p. 103. 
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who maintain that the sulphur brought down in the rainfall will not 
equal the loss of this element in the drainage, and their point seems to 
be established by the limited work that has been done along this line. 
They contend that the application of sulphur compounds may be bene- 
ficial for the maximum production of crops high in sulphur when they 
are grown on soils that are low in this element. 

To establish this point, numerous experiments have been carried on, 
at first abroad and later in this country; and many of these have been 
mentioned in former publications (1-6). Since then other work has 
been published or started along this line, but it is not thought necessary 
to describe these experiments here further than to state that in some 
cases decidedly beneficial results have been obtained by applying sul- 
phur or its compounds to some soils and crops; in other instances no 
benefits were obtained; and in still other experiments an injury was 
noted. These variations are to be expected when different soils and 
crops are employed in experiments. 

In demonstrating the effect of a given element on plant growth it is 
sometimes extremely difficult to arrange the experiment so as to prove 
the desired point, for the reason that the element is generally applied in 
combination with other elements; consequently the results are not always 
easy of interpretation. 


EXPERIMENTAL WORK 


In an effort to avoid the above difficulty the writer used flowers of 
sulphur mixed with soil to which the necessary fertilizing ingredients 
were added, together with calcium carbonate. For this purpose eight 
surface soils, taken to a depth of 624 inches, each representing a distinct 
type in Kentucky, were selected; and on these were grown five different 
crops. These soils had been in cultivation for a number of years and, 
with one or two exceptions, had had little manure or fertilizer added. 
Their locations and descriptions are as follows: 


No. 892.—Eastern coal-field area, Lawrence County, from the farm of Ernest 
Shannon, 3 miles west of Louisa and 20 rods north of the Louisa-Bussyville road. 
This land had been cultivated over 60 years; no fertilizer used; produced about 20 
bushels of corn per acre. The land appeared to be somewhat worn. 

No. 893.—St. Louis-Chester area, Warren County, from the Alderson farm, 1 mile 
west of Bowling Green. This land had been cultivated for 60 years; no fertilizer 
used; produced about 20 bushels of corn and 15 bushels of wheat per acre. 

No. 894.—Cincinnatian area, Mason County, from the farm of John M. Chambers, 
about 214 miles northwest of Washington. Thisland had been continuously cropped 
for nearly 100 years; very little fertilizer added; was worn out and produced very 
poor crops. 

No. 895.—Western coal-field area, Muhlenburg County, from the Station experi- 
ment field, 214 milessouthwest of Greenville. This land had been cultivated for 40 
years, and some fertilizer and manure used. It produced 30 bushels of corn, 12 
bushels of wheat, and 1 ton of hay per acre. 
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No. 896.—Keokuk-Waverly area, Barren County, from the Underwood farm near 
Roseville. The land had been long in cultivation; was worn out;.had little fertilizer 
used and produced 20 bushels corn, 8 bushels wheat, and 12 bushels oats per acre. 

No. 897.—Quaternary area, McCracken County, from the Station experiment field, 
about 3 miles southwest of Paducah, at Lone Oak. A part of this land had been 
cultivated for 15 years, the remainder for 30 years. Some stable manure had been 
added. It produced about 15 bushels of corn, 8 bushels of wheat, and 1 ton of hay 
per acre. 

No. 898.—Devonian area, Madison County, from the farm of Mark Settle, northwest 
of Big Hill. This land had been cultivated for 50 years; was much worn; no fertilizers 
used. It produced 15 bushels of corn, 10 bushels of wheat, and 1% ton of hay per acre. 

No. 899.—Silurian area, Jefferson County, from a farm adjoining the Fair Grounds 
woods at Fern Creek. The land had been cultivated for many years; was much worn; 
no commercial fertilizers and little stable manure used. It produced light crops. 


Before the experiments were started the soils were partially analyzed 
and found to have the following composition, in pounds per acre, on 
assuming that the surface 624 inches weighs 2,000,000 pounds (Table I): 


TABLE I.—Composition of experimental Kentucky soils 





Calcium 
Total phos- Total Sulphate | carbonate 
phorus.¢ | sulphur. | sulphur.¢ require- 
ment.¢ 


Soil number. 











| OE Ee CCE CET et ere 360 180 160 393 
WN oink cas con caw enie Kaui ee reKew ana eee ws 540 400 140 129 
Pala xs cativds dave taeateetereneeveunt I, 540 520 180 3,176 
BRR cchitan gehen Sew adertehemeeern ras Rann 520 420 200 107 
RRR ree nee errr cer ret 400 700 240 143 
ee eee eee eee EER Se re 520 400 200 36 
Mes vice side ney es nN Press «a ¢ seme Memase eins 400 240 200 I, 335 
We Seacicucdacccdenermsereredsemeae eames 600 380 200 107 














@ Magnesium-nitrate method (Wiley, H. W., ed. Official and provisional methods of analysis, Asso- 
ciation of Official Agricultural Chemists. As compiled by the Committee on Revision of Methods. U.S. 
Dept. Agr. Bur. Chem. Bul. 107 (rev.), p. 2. 1908.) 

b Sodium-peroxid method (5). 

© Hydrochloric-acid (sp. gr. 1.115) digestion (Wiley, H. W. Idem, p. 14). 

@ Hopkins method (Wiley, H.W. Idem, p. 20). 

These soils were air-dried, put through a coarse sieve, and 15 pounds 
(in triplicate) were placed in 2-gallon glazed earthenware jars, supplied 
with drainage and thoroughly mixed with the following materials, added 
at the rate of pounds per acre of soil on the above assumption of soil 
weight: 

500 pounds of tricalcium phosphate, C. P., precipitated. 
200 pounds of potassimum nitrate, C. P. 

8,000 pounds of calcium carbonate, C. P. 

100 pounds of flowers of sulphur; or 

200 pounds of flowers of sulphur. 


Triplicate jars like the above were also prepared of each soil, except 
that the sulphur was omitted; and these were used as controls. 

SERIES I: SOYBEANS.—Fifteen uninoculated soybean seeds (Soja max) 
were planted in each jar in the greenhouse on November 2, 1914, and 
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watered in all cases with the same amount of distilled water. When the 
plants were about 3 inches in height, they were thinned to 6 plants of 
average size in each jar. After the pods had matured, which took place 
at different times, according to the soil, the plants were cut close to the 
ground, air-dried, and weighed. They were cut on the following dates: 
No. 894 and 895 on December 31; No. 892 and 893 on January 9; and 
the remainder on January 19, 1915. 

SERIES II: CLOVER.—After the plants in Series I had been cut, the soil 
in each jar was sifted, and 25 inoculated red-clover seeds (Trifolium 
pratense) planted. After germinating, these were thinned to 15 average- 
sized plants in each jar. The plants were allowed to grow until they 
had attained a height of about 10 inches. Four cuttings were made at 
a distance of about 2 inches from the crown. When cut in this manner 
and not allowed to blossom, the plants grew faster, and this procedure 
was followed until July 14, when the weather became too warm for 
greenhouse experiments. 

SERIES 111: OATS.—The soil in each jar of Series II was pulverized 
and stirred to a depth of 6 inches, and on December 23, 1915, 36 Burt 
oat seeds (Avena sativa) were planted in each. Two weeks later they 
were thinned to 25 average-sized plants in each jar, and potassium 
nitrate was then added in solution at the rate of 100 pounds per acre 
and repeated on February 15. On May 12, 1916, after the seed had 
matured, the plants were cut close to the ground, air-dried, and weighed. 

SERIES IV: ALFALFA.—Similar jars of the same soils used in Series I to 
III were prepared, and, in addition, jars representing 200 pounds of 
sulphur per acre were included in triplicate. Thirty-five inoculated 
alfalfa seeds (Medicago sativa) were planted on October 14, 1914, in each 
of the jars containing soil from Warren, Mason, Muhlenburg, and 
McCracken Counties, and a like number on November 6 in the remainder. 
On November 17 the plants were thinned to 15 average-sized plants, and 
cuttings were made at intervals—whenever the plants attained a height 
of about 10 inches—just as was done in Series II. Five cuttings were 
made from the Lawrence, Barren, Madison, and Jefferson County soils, 
and six from the remainder. Final cuttings on all were made on July 9, 
1915, when the experiments were stopped. 

SERIES V: WHEAT.—The soils in Series IV were stirred and pulverized 
to a depth of 6 inches and on December 23, 1915, were planted with 36 
Jersey Fultz wheat seeds (Triticum aestivum) in each jar. The plants 
were thinned to 25 average-sized plants, and potassium nitrate was 
added in the same amounts and at the same time as in Series III. On 
June 13, 1916, after the seeds had matured, the plants were cut close 
to the ground, air-dried, and weighed. 

The weight in grams of the total air-dry materials in Series I-V, 
together with the percentage gains or losses are given in Table II. 
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rial of Series I to V 


LAWRENCE COUNTY SOIL, EASTERN COAL-FIELD AREA 
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TABLE II.—Weight (in grams) and percentage gains or losses of the total air-dried mate- 










































































WARREN COUNTY SOIL, ST. LOUIS-CHESTER AREA 








Soybeans. | Clover. Oats. Alfalfa. Wheat. 

Quantity of sulphur per acre. "oem —————— 
Hay. | Grain.}| Hay. | Straw.| Grain. | Hay. | Straw. | Grain. 
GRMN ick cg k5 enna ee Cees 6.9 | 05 | 24.1 | 287] 11.3 | 23.1 | 26.6 1.5 
DS ee, Cer ere 47) 1.3] 15.4] 308] 12.3 | 22.6] 23.4 1.6 
1) eer re Tee 49] 1.1] 17.3 | 25-3 | 12.7] 21.0] 24.2 1.9 
ROU: cei ucexiecaet a 16.5 | 2.9 | 56.8 | 84.8 | 36.3 66. 7 | 74.2 i.e 
SR OUR, 6c sejcs ons ccs ceceen 6.0 -9 | 25.4 | 29.6 | 13-4 | 22.5 | 29.9 a 
BM erik Geer e caeue eas 6.4] 1.1 | 18.6 | 28.8] 13.2 | 17.3 | 25.4 1.6 
1) SNS Creer 5.2| 1.0| 23.6 | 303] 12.7 | 21.5 | 25.1 1.9 
fC. 7) AR ey | 17.6 3.0 | 67.6 88.7 | 39.3 | 61.3 | 80.4 | 6.7 
Mite NII aor iti cxkeccmecasaeee ream ne toeteees ..| 21.0] 28.6] 2.4 
| 1 A rere ieee) oe rie ree Tees oe | 23.6] 24.3| 17 
BRR ac ibe chvenacebareuedas Jocsccclesscecfecsencleses | 22.7 | 32.0] 20 
Ji. | Serre mer Ci cegenns ciedaeoraneanes 67.3 | 849| 612 





























































































































WINGO ou. crre tend cen er eraccaa eee .8 | 33.0] 20.9] 9.1 | 34.1 | 23.6 4.4 
1 ee ners ee 7.6 .8 | 27.8] 26.1] 8&9] 402 | 24.7 5-3 
DR orice aien Gaara cate 7.2 | 1.6 | 26.0] 22.5] 9.6] 38.9] 21.9 a3 
Oe te caces ccmaeed 23.5 | 3.2 | 86.8 | 69.5 | 27.6 |113.2 | 7o.2 | 12.8 
SOC QOUMOR. 655i cicsicccanccns §.2| 1.0] 23.2] 25.5] 9.5 | 39.8] 22.2 2.9 
Bice le Eva ee nermecese 6.5 1.2 | 24.1 | 28.9] 9.1 | 41.1 | 28.0 4.0 
Bn ks crease carne nwelnas 7-3| 1.1] 281] 22.6] 84] 39.1 ] 25.0 5.0 
EMMA x toca woce asda 19. 0 | 24 | 79.4} 77.0 | 27.0 |120.0| 75.2 | I1.9 
WOU II oo 5c sp sens nv tieneunbe ens RRR a Jeceees 40. 3 | 32.8 6.2 
i ere ses tee | een eee ae 41.2 | 26.5 Ss 
BON roc heldu ney eevceeeu oe Re Se ee 41.4 | 26.4 4.6 
Sn eer E cei costae’ g ee, Wine Re, Are lr22.9 | 85.7 | 16.3 
a SS Ss SRE Sa os 
MASON COUNTY SOIL, CINCINNATIAN AREA 

| | } | | 
Control...... 9-5 | 46) 27.7 | 17.5] 6.5 | 361 | 24.0 5.0 
BN Sicadg Ru ac mate tees | &5 | 4-4] 19.01 17.3 | 7-7 + 39-0 | 26.5 5 
BOR cca panucges vccuneeel 8.2] 4-1] 19.5 | 23-3 | 87 | 37-9 | 27-0 4.0 
Wistinciutisincexied 26. 2 13.1 | 66.2 | 58.1 | 22.9 |113.0 | 77 5 | 12. 5 
WOON as ecine os cd ca wean 9-1} 4.8] 15.4] 186] 84] 43.0] 26.0 4.0 
Li Amie mm Ree males 82] 4.1/1 13.9] 19.8] 82) 47.1 | 29.0 5-0 
1 eee eee 9-2] 4.9] 17.2] 23.8] 7.2] 40.2 | 25.3 4:7 
WCE CU CCIE Te 130. 3 | 80.3 13.7 
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TABLE I1.—Weight(in grams) and percentage gains or losses of the total air-dried mate- 
rial of Series I to V—Continued 


MUHLENBURG COUNTY SOIL, WESTERN COAL-FIELD AREA 





























































































































Soybeans. Clover. Oats. Alfalfa. Wheat. 
Quantity of sulphur per acre. —— ’ 
| Hay. Grain. | Hay. | Straw. Grain. | Hay. | Straw. | Grain. 
Control 11.8] 7.7 | 27.2 | 23.7 | 10. 3 | 38.3 | 30.0 7.0 
J SP erate Sen eae 11.6] 6.3 | 29.0] 23.7] 9.3 |. 39.2 | 30.2 6.8 
Re eee eee | 12.2 | 6.8 | 26.01 95.9 | 9.2 | 40.5 | 37.0 5.0 
Se 20.8 | 82.2 71.3 | 28.8 117.6 | 87.2] 18.8 
OAOUIINRS 0). 5's) 55 dxeicaics' 11.0] 68 24.6 | 25.3 | 10. 7 | 42.5 | 31.3 5-7 
gd ERAS es enere esc | 4 | 33) 998 194.3 1 OF | atx | 56 6. 4 
BODY Sodas acs ntepis olen sale |} 12.5 | 5.6] 20.5 | 24.7] 8.3] 39.7 | 20.7 1 
(| ee | 32.9 | 16.2 | 67.6] 74.3 28.7 |123.3 | 86.6] 19.4 
200 pounds...... . She Shere ere Wer 29.9 | 26.0 5.0 
eet or Re, WEN. Pe. cae Sie 44.1 | 27.3| 2.79 
oo OE ROO NE Ome eS Crciere| Mater J. ss. 39.2 | 26.9 5.1 
Total. 0.0... cece cece elec eee efee eee efeee ee efeee ees | tis 113.2 | Sa.2| 12.8 
BARREN COUNTY SOIL, KEOKUK-WAVERLY AREA 
Control. | 8&0] 2.0 | 987 | 32.2 | 32.9 | 27.8 | 32.6 5.4 
BG cane eras ceive nant | S@] 26 | 28.E 1 O74 | 14.6 | 26.4) sto8 6. 5 
DD isida wiser ins bv teteas 4-2) 23 | £7.19 | 26.8 | 2g. § | 28.01 33.2 5.8 
: eRe reer 20.5 | 5.7 | 74.7] 881 | 41.0] 82.2] 96.3] 17.7 
oe SC eee 7-4| 2.4| 289] 28.6] 12.4] 24.0] 30.8 6.2 
BERL css bc ney raya swawuns 5-0] 1.8] 20.5 | 25.8 | 12.3 | 30.9] 33.7 6.3 
MOS Saas eksee ae siansena 6.4 | 3.3 | 22.0 | ox.9 | 28:7 | 26.4 | 33:0 6.1 
BUMMES sss ce kts ceurnvce 18.8 | 7.5 | 72.0] 85.7 | 37-4 | 83.3 | 98.4] 18.6 
IRR. ois Sapien Pea pnonloumnc cee ealerewetbet aes Rae 25.1] 32.5 6.5 
| Ae eer rie ric) Petar a sees Geran rere erarirane 25.6 | 28.7 3,3 
See ossecelessccelessvccfecsceclessces 27.4 | 34.2 6.8 
| LER ea ne | pace ayes brett | eae, cree sete | 78.1 195.4 | 16.6 
MCCRACKEN COUNTY SOIL, QUATERNARY AREA 
Control. ........ 9-9 | 2.5 | 284 | 21.9 | 12.1 | 45.8 | 29.5 6.5 
R's 5 Siaia's cities erraeey NG OI] 27 192.3 | 32.9 | 14.2 | 46.5 | 92.2 6.9 
BPs aatuniaddleneiaets 8.6] 3.0] 14.8] 29.1] 13.9] 49.3 | 32-7 6.3 
PM sisccS os Caption 27.6| 82] 75.5 | 83.9] 40.1 |141.6 | 94.3] 19.7 
DIG ay 55 Sos Sass 8K 9-5 | 2.4] 18.8 | 32.1 | 15.9] 48.4 | 30.6 5.4 
RESET eT es 8.6] 2.4] 22.7 | 32.9] 14.1 | 50.8 | 29.1 5:9 
BREA Skixdienacwantanseun 10,2 | 2.2 | 293.6 | 98.3 | 22.7 | §r.4 | 28.9 9.2 
DT hie Scadecteee 28.3 | 7.0] 65.1 | 93-3 | 42.7 |150.6 | 88.6] 18.4 
oe Ee ES Cy eR iets eerie eee 46.9 | 30.7 8.3 
Eg EE LOSS, ESC cs eared MEAN) rents Sane 49.8 | 32.9 YE 
BR coins hips a kip adie 0's odie Nags PIV ws ade ama en eaiee yee ae §3-2 | 3t.6 6. 4 
bibs Nera rls 9:3 0) ws fe oh eie'oe Cab bie welll mie ales rate’ ¢ I... [149.9 95-2 | 21.8 
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TABLE II.— Weight (in grams) and percentage gains or losses of the total air-dried mate- 
rial of Series I to V—Continued 


MADISON COUNTY SOIL, DEVONIAN AREA 










































































Soybeans. | Clover. Oats. Alfalfa. Wheat. 

Quantity of sulphur per acre. 
Hay. | Grain. | Hay. | Straw.| Grain.| Hay. | Straw. | Grain. 
Cr ss vedere ctccadees 7-0] 2.3 | 27.2 | 23.0] 13.0] 19.9 | 33.4 8. 6 
Lt eT Cee Cer OET CST 6.8 | 2.2 | 27.1 | 26.8] 12.2 | 30.2 | 23.0 Ce 
MU cer Gickhines cavesnuns 6.7 | 2.4] 24.8 | 22.3 | 12.7 | 16.9 | 33.3 Ce 
ME iiteresiatisiart 20.5 | 6.9} 79-1 | 72.1 | 37-9 | 67.0| 89.7 | 17.4 
TOG DOMMIN svcicciesnestexaces 9.2] 2.6] 24.1 | 23.5 | 12.5 | 18.8] 26.8 3-3 
i} SONRER ECE re cre cet 7-6] 1.7 | 300] 25.4 | 13.6 | 307] 25.1 4-9 
Eaves ceeee ra eeu wees 8.6] 3.1 | 24.0 | 23.1 | 15.0 | 28.7 | 26.4 5.6 
| Ser ere ye 25.4| 7-4| 781] 72.0] 41.1] 782 | 783] 13.8 
I sais disses ae are cds DR RE 27.4|307| 7.3 
cd icecceerekovecepegdineyecstenecns Je seees aeeyer) corer 28.3 | 19.5 2.5 
Psi vice wacenieunsns colees ceapeaewen EE | ee 30.5 | 32.3 6.7 
pT Ty Tere SMe. anaes SOP eer 86.2 | 82.5| 16.5 

| | 
JEFFERSON COUNTY SOIL, SILURIAN AREA 

COMBE. co c0c. ccccsescccevccsp MOOR ROP Gt Gale reee §aae | ane 8.6 
BC iclau rede ivheoriencuns 88} 2.8] 21.3 | 26.7 | 13.3 | 34-9 | 33-8 8.2 
Bi lexciiecsedeontinees 9-4] 3-1} 13-6] 25.9] 13.1 | 38.2 | 34.5 7:5 
WUUMENSs os sevvticetweeue 28.6| 85 | 485 | 77.1 | 37-9 |108.8 |r0r.7 | 24.3 
ROUTINE ocigcieccrianctccus ne 10.9] 3-2] 16.1 | 24.9 | 13.1 | 37-2 | 34.3 8.7 
BSc uc ceerivevacueweew 11.8] 3.4] 19.0] 22.7 | 13.3 | 41.0 | 32.6 8.4 
BOP). <b savve rs iemenees 105] 3-5] 15-7 | 24.0] 13.0] 38.9 | 33-4 7.6 
OM aa eSivécncndosens 33-2 | 10.1 | 50.8 | 71.6] 39.4 [117.0 |100.3 | 24.7 
GO aes asad wancccnndiiwg vale dowcditaes mibieaee lacsaad 34-8 | 32.0 7.0 
Lo errr te eee) eet oer ere| (ree el Se 33-8 | 31.4 8.6 
BACs ue au. ca sted Sexceusiecebendegelicts adbecs cusessanieasuns 35-1 | 31.7 8. 3 
ORE TERE) LOE) eee etl Awe 8| oF Soe 23-9 
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TABLE II.— Weight (in grams) and percentage gains or losses of the total air-dried mate- 
rial of Series I to V—Continued. 


PERCENTAGE GAIN OR LOSS 
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EFFECT OF SULPHUR ON THE TOTAL AND SULPHATE-SULPHUR CONTENT OF 
SOYBEANS, CLOVER, AND ALFALFA 


The air-dried plants in Series I, II, and IV, were finely ground for this 
work, a composite sample being made of the triplicates in each case, and 
the soybean seeds were ground with the corresponding sample of hay. 

The total sulphur determinations were made by the sodium-peroxid 
method! and the sulphate sulphur was determined by the following 
procedure: 

Ten gm. of material were digested in 400 c. c. of water on the water 
bath for several hours, with frequent stirring. It stood overnight, and 
was made to 500 c. c. volume, first deducting the volume occupied by 
the sample. This was then filtered, and a 5-gm. aliquot used, to which 
was added 1 c. c. of hydrochloric acid (1:1) to precipitate the protein 
and organic matter. ‘The whole was then heated on the water bath sev- 
eral hours longer, allowed to stand overnight, filtered, and washed. 
The filtrate was made slightly acid with hydrochloric acid, heated, and 
barium sulphate precipitated by adding, hot, 10 per cent barium-chlorid 
solution, and letting it stand overnight. 

The results obtained on the above samples are given in Table III. 





1A slight modification was used, which is now the official method of the Association of Official Agri- 
cultural Chemists (Wiley, H. W.,ed. Op. cit., p. 23.) 
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TABLE III.—Percentage of total and sulphate sulphur in air-dry soybeans, clover, and 

































































































































































alfalfa 
SOYBEANS 
Law- | War- Muhlen- | mc. | Madi- | 
Mason B 7 
Quantity of sulphur to the acre. Pea m..¢ c ty. ne cm i cont mm" 
Control: | 
Total sulphur. ........... O. 207 |0. 301 jo. 252 |0. 260 Jo. 209 |0. 223 |o. 198 | 0. 202 
Sulphate sulphur. ........] .025 | .038 | .079 | . 068 | .039 | .049 | .042 | .056 
Residual sulphur........ . 182 | . 263 | .173 .192 | .170] .174 | -156| .146 
Ioo pounds: 
otal sulphur............ + 302 | .376 | . 298 | .278 | .229 | .247 | .237 | .254 
Sulphate sulphur. ........] .037 | .044 | .096 | . 086 | .035 | .054| .056| .083 
Residual sulphur....:... - 265 | . 332 | . 202 | - 192 | «194 | . 193 | . 181 | -171 
CLOVER 
Control: | | | | | 
Total sulphur............ 0. 238 0. 276 |o. 275 |o. 304 Jo. 219 |0. 213 |0. 279 | 0. 231 
Sulphate sulphur.........| . 097 | - 140 | . 125 | . 143 | .084 | . 081 | 148 | .071 
Residual sulphur........ . 141 . 136 | . 150 | . 161 - 135 | . 132 | 131 | .160 
190 pounds: | 
otal 0 . 267 | . 281 | .321 | .379 | .248 | .2901 | .340] .352 
Sulphate sulphur........ -| +130 | - 152 | . 178 | .218 | . 100°] .107 | .198 | .195 
‘ | | } | 
Residual sulphur........ + 337 | 129 | «143 | . 161 | . 148 | . 184 | . 142 | . 156 
ALFALFA 
| | 
Control: | 
Total sulphnr.....2...... ©. 410 |0. 457 |0. 352 |0. 409 0. 334 0. 306 0. 387 | 0. 284 
Sulphate sulphur.........| . 168 | .223 | . 142 | . 209 | . 152 -123| .204] .093 
Residual sulphur....... | .242 | .234 | .210 | . 200 | . 182 | . 183 | . 183 | - Igt 
100 pounds: 
Otel CUIDRUE Ss... - 511 | .480 | . 425 | .45r | . 397 | .398 | .467 | .435 
Sulphate sulphur.........] . 265 | .256 | .205 | .265 | .206 | .166| .267| .248 
Residual sulphur. .....] . 246 .224 | .220 | . 186 .I9t | .232 | .200| .187 
200 pounds: 
Whale as: 00's 6 y'e's « -517 | - 503 | -528 | . 462 | . 422 | .409 | .474| . 412 
Sulphate sulphur.........| . 286 | . 301 | .349 | . 295 | .213 | .212 | .298 | .218 
Residual sulphur. .....] .231 | . 202 | .179 | . 167 | . 209 | - 197 | . 176 | - 194 
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FORMATION OF SULPHATE IN SEEDS ON GERMINATION 


As the results in Table III indicate that the excess of sulphur in those 
plants which have been grown in soil to which this element has been 
added exists in the form of sulphate, it was thought that it might be of 
interest to ascertain whether sulphate is formed in seeds from their 
sulphur compounds when they are allowed to germinate. 

As a control the sulphate was determined in the finely ground unger- 
minated seed by the same method used for the work in Table III, and 
about the same weight of the seeds were then allowed to germinate in 
covered dishes between cheesecloth kept moistened with distilled water, 
after which the sample was ground in a mortar and the sulphate deter- 
mined. As a precaution all precipitates of barium sulphate were fused 
with sodium carbonate and reprecipitated and blanks made on the 
reagents. 

The results of these experiments are given in Table IV. 


TABLE 1V.-—Percentage of sulphur existing as sulphate in seeds before and after 
germination 





Before 
germina- 
tion. 





None. 
©. 0007 
. 0007 
. OO14 
+ 0034 
. 0048 
. 0072 
. OI17 
. 0220 
. 0258 
. 0483 


Lal 


AAA AKDAAAAAAAaADGD 

















GENERAL DISCUSSION 


While a few of the duplicates in Table II vary widely, yet on the whole 
they agree fairly well, considering work of this character. If an allow- 
ance of 10 per cent, compared with the controls, which is a safe amount, 
is made for unavoidable factors, then we find from an examination of 
Table II that applications of sulphur have affected the crops grown on 
the soils from the different counties as follows: 

LAWRENCE.—Beneficial, clover from the smaller application and wheat . 
grain and straw from the larger application. Injurious, none. 
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WarrREN.—Beneficial, oat straw from the smaller application, and 
wheat, both in grain and straw, from the larger application. Injurious, 
soybean hay. 

Mason.—Beneficial, alfalfa and wheat, both in grain and straw, from 
the larger application. Injurious, clover. 

MUBLENBURG.—Beneficial, none. Injurious, soybean grain, clover, and 
wheat grain from larger application. 

BARREN.—Beneficial, soybean grain. Injurious, none. 

McCrRACKEN.—Beneficial, oat straw and wheat grain from larger appli- 
cation. Injurious, soybean grain and clover. 

Mapison.—Beneficial, soybean hay and alfalfa. Injurious, wheat, 
both in grain and straw, from smaller application. 

JEFFERSON.—Beneficial, soybeans, both in hay and grain. Injurious, 
none. 

From the foregoing we find that the sulphur has affected the crops 
differently, depending on the soil. Some undoubtedly were benefited, 
others were injured, while in many cases no effect was apparent. On the 
whole, there is a preponderance of gains from the sulphur, although 
generally small. 

Some observers have found that sulphur had a more marked effect 
on certain crops when applied to soils fairly well supplied with organic 
matter. What the effect would have been if such had been the case 
here or if the other fertilizing ingredients had been omitted is not easy 
to forecast, for, as stated before, it is difficult to have all soil conditions 
ideal in order to prove a certain point. Soil fertility involves so many 
factors that its study is very complicated. The question of mineral 
plant food has occupied considerable attention, and rightly so, but 
oftentimes another important side has been overlooked—namely, the 
organic matter, involving, as it does, all bacterial activities of the soil. 
If a bacterial study was carried on in mineral-nutrition work, probably 
different deductions would be drawn then where each is considered alone. 
In this connection it might be of interest to state that Fred and Hart 
(3) have been found that soluble phosphates have a more marked effect 
on promoting the bacterial activity of a soil than sulphates; and for 
this reason, while sulphates are important and as low in amount in 
most soils as phosphates, they will not in all probability have the same 
crop-producing power as the phosphates. 

From an examination of Tables III, it will be found that applications 
of sulphur increased the total and sulphate-sulphur content of the 
plant; and the larger the application, the greater the increase. Fur- 
thermore, it will also be observed that in the clover and alfalfa, the 
sulphur marked “residual’’ more nearly approaches a constant figure, 
regardless of whether sulphur was applied or not. This does not hold 
true with respect to the soybeans in most cases, however, and this in- 
dicates that the excess sulphur in the clover and alfalfa plants exists as 
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sulphate, while part of the excess in the soybeans is in a form other than 
sulphate. 

As sulphur is combined with the protein of plants, it was thought 
that in the soybeans protein determinations might show that where 
an increased sulphur content is shown, owing to the sulphur applied, 
a correspondingly larger protein content might be found; but such is 
not always the case, as will be seen in Table V. For these determina- 
tions the same materials used for the sulphur work in Table III were 
employed. 


TaBLE V.—Protein in air-dry soybeans, tops and seed 














Protein. 

Sulphur, ds 

County. Controls. _ poh —_ wots 
Per cent, Pp ol Per cent, ( none 
MURMONIDs, «'¢ 00516. bist3 ibs! die wb Enis Weld phe ps stk 24.3 4.7 24. 5 5.0 
ME es Fh Si GoiSe As Rasa sie aded mbapmeleaeeres 25.5 6.8 24.9 5.6 
RnR Senn Date nce cr 23.6 9. 3 21,0 8.5 
PERRO 5 Si5 as eolbs ds lehd ab WEMia eRees 23.2 "9.3 21.5 10. 6 
PN 5556 Wiss sosn bauede + Guano aetcnk- ete 26. 5 6.9 26.9 9.1 
ai a a RAISER a RR erie Sree, Sea 26. 9. 0 26. 5 9. 4 
RRO 5 cose Ric UR Thess eae 29. 8 8.2 28. 5 9:3 
PROM wooo cb rcpiasiae cewek AS pia’ phir bom 26.7 9. 5 23.6 10, 2 

















The results in Table IV are interesting in showing that some seeds 
contain no sulphate soluble in water; others contain small amounts; 
while some are fairly well supplied. Furthermore, these results show 
that in most cases more or less sulphate is formed from the reserve sul- 
phur compounds in the seed on germinating, but there are exceptions— 
namely, corn and clover—and the latter is of particular interest, since it 
possessed the highest sulphate content and seemed to show a slight loss 
on germination. 

SUMMARY 


(1) Soybeans, clover, oats, alfalfa, and wheat were grown in the green- 
house on eight soils, each taken from a different county and representing 
a distinct type in Kentucky. They were more or less impoverished by 
cultivation. To these soils applications of flowers of sulphur at the rate 
of 100 and 200 pounds per acre, together with the calcium carbonate and 
other fertilizing ingredients, were added. 

(2) The results show that the sulphur increased the production of 
some crops, had no effect on others, and on some was injurious, depend- 
ing on the crop and the soil on which it was grown. There was a pre- 
ponderance of gains, however, from the sulphur application, but these 
were generally small. 
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(3) Analyses of some of the crops show that the sulphur increased the 
total and sulphate-sulphur content of the plant, and the greater the 
application, the greater the increase. 

(4) Where sulphur wasa pplied to clover and alfalfa, the excess sulphur 
in those plants was in the form of sulphate, while in soybeans part of the 
excess was in another form. 

(5) In the soybeans which showed an increased sulphur content, no 
corresponding increased protein content was always found. In five 
instances out of eight, however, soybeans grown in soil where sulphur 
was added show an increase in the total weight of protein. 

(6) It was found that, of the 16 varieties of field and garden seeds 
examined, some contain sulphates, while others do not, but that, on 
germinating, all except two form a greater or less amount of sulphate. 
The highest sulphate content obtained in the ungerminated seed was 
0.048 per cent, in clover, and the increase due to germination varied from 
none, in corn, to 0.035 per cent, in the onion. There was a slight loss 
in only one sample, clover. 
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A STATISTICAL STUDY OF SOME INDIRECT EFFECTS OF 
CERTAIN SELECTIONS IN BREEDING INDIAN CORN 


By H. L. Rre1z, Professor of Mathematical Statistics and Statistician, and L. H. Smiru, 
Chief in Plant Breeding, Illinois Agricultural Experiment Station 


INTRODUCTION 


At the Illinois Agricultural Experiment Station a considerable num- 
ber of experiments are being conducted in the breeding of Indian corn 
(Zea mays) by the selection of parents with respect to particular charac- 
ters. One of the best known of these experiments is concerned with 
selections with regard to chemical composition. This corn now consists 
of four strains, known as the ‘high-protein,’ the “‘low-protein,” the 
“high-oil,” and the ‘‘low-oil” strains. Other selection experiments are 
concerned with such characters as the height of ears on stalks, the number 
of ears per stalk, and the inclination of the ear on the stalk. 

The primary purpose of these experiments is to determine what 
progress, if any, can be made in regard to particular characters by selecting 
for parentsfrom year to year with respect to suchcharacters. Itisthe pur- 
pose of the present paper to report the results of an investigationinto what 
may be called the indirect effects of some of the above-mentioned selec- 
tions, by a statistical investigation of the changes that have taken place 
in certain physical characters of the ears of corn. The physical charac- 
ters treated are length, circumference, weight of ears, and the number of 
rows of kernels on the ears. A part of this work on physical characters 
of ears has been in progress on each of 11 generations of corn. Each 
year we have either measured for each strain all the measureable ears 
produced, or a random sample of sufficient size to insure fairly small 
probable errors. To give a notion of the extent of the data used and 
of the statistical analysis, it may be stated that this analysis involves 
the preparation of 476 distinct frequency distributions. It would 
hardly be feasible to exhibit each of these frequency distributions, but 
we shall present in Table I, as a representative illustration, the 16 dis- 
tributions of the four chemical composition strains for the crop of 1914. 
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TasLe I.—Frequency distributions with respect to physical characters of the ears of four 


strains of corn bred for chemical composttion—crop of 1914 


HIGH-PROTEIN STRAIN 





j 
| 
Length of ears. | 
| 





Weight of ears. 

















Circumference of ears. 


Rows of kernels. 
































Inches. | Frequency.| Ounces. | Frequency. } Inches. | Frequency. | Number. | Frequency. 
_— | | ar | nd 
3.0 z | 2 4 4. 00 I 8 I 
3.5 6 3 19 4. 25 9 10 25 
4.0 8 4 43 4. 50 26 12 236 
4.5 13 5 66 4-75 71 14 241 
5.0 28 6 135 5. 00 113 16 74 
55 36 4 144 5.25 158 18 13 
6.0 42 8 96 5. 50 eS EO Oe 
6.5 67 9 28 5. 7s I IRRAR Ste rere on 
7.0 95 10 6 6.00 We ieee ccdcoees eemoaee 
7. 8 ft Oa Peer 6. 25 WB haciscivdas easntauteie 
8.0 DG ccvcce ss ciacaesee ses 6. 50 3, A Pemedre vara te 
8.5 Me ees cece 6.75 Bbc. ca voles ies aluatcacicet 
9.0 hs aeishncs enters 9 pib.0 soi 7.00 Se ay aerate besa. « sin aihyisie 
9: 5 WE eis iats-ayy Sis ee eercere a rae 7.25 DF Yecereiesiorss Dore Gewrats esis 
10. 0 BZ lecccevecalecrececcecfecesecens Jocvecccccelecssecees loeceeccene 
} | | 
LOW-PROTEIN STRAIN 
eS PP eegere 2 4 MIs 6 6 :8:ip0 TA Ape 
5.5 3 3 be) Pie SRA 10 9 
4.0 4 4 17 4. 50 I 12 117 
45 6 5 21 4-75 6 14 179 
5.0 II 6 38 5. 00 27 16 124 
5.5 17 7 59 5.25 36 18 41 
6.0 12 8 78 5. 50 58 20 7 
6. 5 34 9 97 5-75 99 22 I 
7.0 34 10 72 6. 00 >) aN) eck eer 
a8 66 II 49 6. 25 Gein ui esc ue encenys 
8.0 62 12 15 6. 50 i Tl iepacaarere:| caste Batt a 
8.5 93 13 4 6.75 2 cee ator See pear ae 
9.0 83 14 I 7.00 hl RACs | ARI 
9. 5 BE sioccaa sins wise eiaisae sete 7.26 Biers eee arene cas 
10. 0 GCE stare peeyet cd Poona eet g! MO MeAnire ye. lame erik eer creer re 
Io. 5 OY EC Re OR EIPa ee, Seas Sireartare res re LeNeas pe Racer Cee eee 
II.0 Wi lise srststeiae] ars chceratocac aber rcsesgncren al aie cele wie'd gies eis «weno ea acwe eeatee es 
HIGH-OIL STRAIN 

2.5 2 2 16 4. 00 2 a het eee 
3.0 4 3 44 4.25 15 10 2 
-_* 1 4 88 4. 50 31 12 78 
4-0 17 5 145 4:75 57 14 158 
4-5 23 6 II4 5. 00 103 16 171 
5.0 48 7 61 5-25 96 18 49 
5.5 q1 8 23 5. 50 117 20 3 
6.0 59 9 6 5-75 84 22 3 
6. 5 | 2. RACERS (CEO are eee 6. 00 Oh eres Cee 
7.0 Ot Ee ramen 6. 25 Rican dee lestran ces 
ye | el BRR OeRiGe: Near cocis: 6. 50 re ROR OG Cc 
it BR Gre | enero sre ecraeriraerny eerie tere renner re Panrer ure Ost 
yes Seeeeerietee, Scraaraneatirac Rte ervey | tmannt iene) veneer Mot Nema emre are 
ne rere Marre! Aenean Maureen Comcrerere: rrr: 
2 RIGS ASG Greeny areca See tret tr (Sew e Cree UCR ee 
| i: 6 SEER CET SOTO CR TR. CES errr ere ae eee err ee 
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TABLE I.—Frequency distributions with respect to physical characters of the ears of four 
strains of corn bred for chemical composition—crop of 1914—Continued 


LOW-OIL STRAIN 


























Length of ears. | Weight of ears. Circumference of ears. Rows of kernels. 
Inches. Frequency. | Ounces. | Frequency.| Inches. Frequency. | Number. | Frequency. 
| | on 
| 
fee eee AD Bdeees 4. 00 | I 8 2 
3-0 3 3 + 4.25 ° 10 59 
3-5 2 | 4 19 4. 50 3 12 287 
4.0 10 | 5 40 4-75 | 7 14 185 
4-5 22 | 6 83 5. 00 19 16 30 
5.0 25 7 126 5. 25 20 18 4 
5 5 29 | 8 97 5. 50 | + | COPE eee) ers ee 
6.0 62 | 9 100 5: 75 Wiihe« ciusimeaiiaetewen Os 
6.5 106 | fe) 55 6. 00 | BIGHEks 62k ¥s Ue a eens 
7.0 100 | II 23 6. 25 | IT] Joe e seer efeeeeee eens 
9.5 116 | 12 9 6. 50 BOs conc sus Soe Pea aes 
8.0 95 | 13 4 6.75 | 57 |. ee 
8.5 SRR! Remus a 7.00 | | SRR | Ake s wauers 
9.0 18 Ree are rrr 9.25 | | Saree Be baad aehias 
9.5 Ae eee 7.50 | 4 eee Dee y cess 4 
10. 0 | 2 fotcesneecdeeseneres 7 98 i) Sere beavedewes 








The character of the frequency distributions may be described in a 
general way as not far from a symmetrical form. Occasionally a distri- 
bution has presented an appearance that seemed pretty decidedly skew, 
and we have followed such cases into succeeding generations without good 
evidence that such decided skew form persisted in later generations. On 
this account it seems likely that the decided skew condition was due 
mainly to soil differences on a given plot. There is, however, some tend- 
ency for the distributions as to length and weight of ears to be slightly 
skew, with the mode greater than the mean. 

We have tested a number of the distributions, and found some of the 
normal type, and some differing significantly from the normal type. 
Taken as a whole, it seems, however, that these distributions are suffi- 
ciently near the normal type, to be well described for our purposes by the 
means, standard deviations, and coefficients of variability. 


THE FOUR STRAINS WITH RESPECT TO CHEMICAL COMPOSITION 


These four strains were produced from the same original stock (163 
ears) and each seed selection was made from the highest (or lowest) ears 
within the strain with respect to the character in question. For example, 
the high-protein strain is the offspring of those ears showing the highest 
protein content in the original stock, and was developed by the selection, 
for successive generations of planting, of the highest protein ears, always 
within the high-protein strain. In a similar manner, each of the other 
three strains was produced. Attention ' has been called to some indi- 





1 DAVENPORT, Eugene. PRINCIPLES OF BREEDING, Pp. 447. Boston, 1907. 
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rect effects of selection as shown in the crop of 1905, after selection for 
chemical composition had been made since 1897. It was there shown that 
the four strains exhibit some significant differences with respect to physi- 
cal characters of ears. As we have measured each ear of a fair-sized 
random sample of ears from each strain for crops grown from 1905-1915, 
we are now in a position to determine whether the differences existing in 
1905 have persisted pretty regularly under changed conditions of soil and 
season, or if some further indirect influence of the selection for chemical 
composition is to be noted in considering the four physical characters on 
which we have collected data. Table II gives the means, empirical 
modes, standard deviations, and coefficients of variability of the length 
of ears, the circumference of ears, the weight of ears, and the number of 
rows of kernels on ears, for each of the. four strains bred for chemical 
composition, for the 11 crops from 1905 to 1915, inclusive. 


TABLE II.—T ype and variability of the four chemical-composition strains of Indian corn 
for II crops, 1905 to 1915 


CROP OF 1905 








‘m- : : : 
Character and strain. Mean. pita eee ae a vari- 
Length of ear, in inches: 
High-protein............ 7.21%0.04] 7.5 I. 27+0. 03 17.60. 4 
Low-protein............ 7.804 .04| 85 I. 54+ .03 19.7+ .4 
__ ee eee 6.87+ .04] 7.0 I. 394 .03 20.2+ .4 
Co Ue eieere 7.484 .04| 8.0 I. 30+ .03 17.4+ .4 
Circumference of ear, in 
inches: 
High-protein............ S97 2.0L} 5.7 44+ .o1 7.64 .2 
TGW-OTOteIN ...... 5 050s 6.51t .02] 6.3 -61+ .o1 9-44 .2 
OE ane 6.05+ .or | 6.3 «53x . OF 8. 8+ .2 
DUN oai5 0-00 0545500 6.65+ .02] 6.9 -59+ .O1 8o+ .2 
Weight of ear, in ounces: 
High-protein............ 7.53% .04| 80 2. 50+ .03 33-24 .4 
Low-protein............ g. 66+ .10] 10.0 3. 30+ .07 34.24 .7 
a eer Wi9oe 507 | 9.0 2.434 .05 31.2+ .6 
en | EOE OO Tce g. 84+ .08 | 11.0 2.87+ .06 29.324 .7 
Rows of kernels on ears: 
High-protein............ 13. 72+ .03 | 14.0 1.85+ .02 13.5 .2 
Low-protein.,.......... 14.714 .06] 14.0 1.944 .04 13.7+ .3 
oo TRS? 15.65+ .06 | 16.0 2.08+ .04 13.3% .3 
eS Ee ee 12.80+ .05 | 12.0 1.77+ .04 13.84 .3 
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TABLE II.—T ype and variability of the four chemical-composition strains of Indian corn 
for 11 crops, 1905 to 1915—Continued 


CROP OF 1906 




















Character and strain. Mean. piria seer “anand a — 
Length of ear, in inches: 
High-protein. . ...| 7. 880+0.043 | 8.0] 1. 201+0. 030 15. 240. 39 
Low-protein............ 8. 841+ .050] 10.0] 1. 364+ .035 15.434 .43 
Ci Re eee ce 7.606+ .042] 7.5] 1.014+ .030 13.33 . 4! 
Low-oil. . cosceeee] 8.378% .056] 8&5] 1. 510+ .040 18. 02+ .49 
Circumference of ear, in 
inches: 
High-protein............] 5.863-+ .014| 6.0 - 3934 .o10 6.704 .17 
Low-protein............ 6.495+ .018 | 6.6 -478+ .013 7.384 .19 
DS necro 6.1344 .017| 6.0 -4174 .012 6.80+ .20 
Low-oil. . ..| 6717+ .018| 6.9 ~ 515+ -013 7-52 .19 
Weight of ear, "in ounces: 
High-protein. . ...| 8. 289+ .081 |] 85] 2.0614 .057 24.864 .72 
Low-protein............ 10.770+ .110] 11.0! 2.680+ .071 24.88+ .74 
DRAE orci Kad wees | 8850+ .075| 10.0] 1.7634 .053 19.92+ .63 
Low-oil. . ‘ ...| 11.4984 .130| 14.0] 3.3494 . 091 29.13+ .84 
Rows of kernels on ears: 
High-protein. . ..--| 13.7744 .060] 14.0] 1.707+ .042 12.39+ .31 
Low-protein............ 14-5974 .072 | 14.0| 1.922+ .051 13-17 .35 
CRMMIOOIE 5 30 been v ieee. | 14.712 .073 | 14.0] 1.802+ .052 12.25+ .36 
Low-0il..... 0.0.20. 0 eee) 13. 310+ .067 | 14.0] 1.8974 .047 14.25+ .38 





CROP OF 1907 








Length of ear, in inches: 
High-protein............] 8.47440.027]| 9.0] 1.3920. 027 16. 430. 33 
Low-protein............ 8. 492+ .035 9.0 I. 2494 .025 14.71 .31 
| Ses 7.982+ .034| 8.0] 1.242+ .024 15.564 .31 
Low-oil. . coocceeee] 8 505t -036] 9.0] 1.2614 .025 14.83+ .31 
Circumference | ‘of ear, in 
inches: 
High-protein............] 6. 100+ .013 | 6.0 -447+ .009 7-33 .14 
Low-proteim. ..0...c0.ss 6.401+ .014] 6.5 - 497+ .o10 7-704 .16 
po Rene ror 6. 428+ .013 | 6.2 - 453+ .009 7-05 .14 
Low-oil. . oes] 6.800% .015 |] 7.0 - 504+ . O11 7-41 .16 
Weight of ear, "in ounces: 
High-protein. . .--.] 9.8374 .063 | 10.0] 2.095% .045 21.30+ .47 
Low-protein............ Io. 708+ .076| 12.0] 2.592+ .054 24.21% .53 
MEMMIIE «50's 600.4 Daten Io. 302+ .065 | 11.0] 2.292+ .046 22.254 .47 
Low-oil.. ...] II. 702+ .07§ | 12.0] 2.4384 .053 20.83+ .44 
Rows of kernels on ears: | 
High-protein. . ....| 13.9682 .051 | 14.0] 1.799+ .036 12.88+ .26 
Low-protein............ 14.643 .060 | 14.0 2.0574 .042 14.05+ .29 
po | eo ee 15.570+ .056/ 16.0] 1.997+ .040 12.83+ .26 
Low-oil...............+.| 12. §232 .048 | 12.0] 1.622+ .034 12.94+ .28 
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TABLE II.—T ype and variability of the four chemical-composition strains of Indian corn 
for It crops, 1905 to 1915—Continued 


CROP OF 1908 
































™m- ° 
Character and strain. Mean. pirical eens Sete a vasi- 
Length of ear, in inches: 
High-protein............] 7.625+0.035 | 7.5] 1.195+0.025 15. 670. 34 
Low-protein............ 8.4964 .040}] 9.0] 1. 363+ .028 16.044 .34 
OE eee eee 7-334 -027] 7.5 - 983+ .o19 13.404 .27 
Low-oil. . ....| 8194+ .041 | 8.0] 1.4074 .029 17.174 . 36 
Circumference of ear, in 
inches: 
High-protein............] 5.452 .o14] 5.5 - 460+ .o10 8.44+ .18 
Low-protein............ 6. 338+ .o15 |; 6.2 - 490+ . O11 7-764 .17 
= Se EIN oi Pan §-774t .012| 6.0 - 438+ .009 7-594 .15 
Low-oil.. sovcecs] OB 3304 020) Guy - 548+ .012 8.65 .18 
Weight of ear, in ounces: 
High-protein. . .os-| Ggord: .058 | 6.0) 1. 804d: «047 28.63+ .65 
Low-protein............ | 9. 783+ .077| 10.0! 2.2884 .054 33. 39ce - 50 
RMR 5 0:0:66- sis sinio weias | 7.5664 .046| 8.0] 1.6164 .033 21.36 .47 
Low-oil. . ....-| 9.9444 .089 | 11.0] 2.9354 .063 29. 52 .68 
Rows of kernels on ears: 
High-protein. . ...| 13.2762 .052 | 14.0| 1.6314 .037 12.27 .28 
LOW-DIOCEI. 66.660. eae | 13.9844 .050| 14.0] 1.606+ .035 Ti. 51x .26 
PERO 5 6.5. Pho aires I§.010+ .056| 14.0] 1.9704 . 040 13.124 .27 
BWM, 00.05 06055600000] 2M 20d: OS 14-0 | I. 591% .035 12.90+ .30 
CROP OF 1909 
Length of ear, in inches: 
High-protein............] 7. 680+0.035 | 7.5 I. 1270. 025 | 14. 67 £0. 35 
BAW-DIMEIN . 66.60... 2000 7.672+ .034 | 8.0 I. 221+ .024 15.91 .32 
ES ER ari err 7.050+ .031 | 7.0 I. 140+ .022 16.174 .32 
LOWO, 066i winced Je 9gSed: ead | Bue I. 123+ .020 14.494 .27 
Circumference of ear, in 
inches: 
High-protein............] 5.6934 .013 | 5.75 - 424+ .009 7-45 .17 
DOW DPOCEI 6.655.505 5.9074 .0o15 | 5-75 - 560+ .orr 9. 38+ .19 
PUMERRAOUL «6 cwiniacseere cies 5-914 .013 | 6.00 - 489+ .009 8.274 .16 
Low-oil. . sreceses| O' 000% «023 | G.:g0 - 5174 009 7.764 15 
Weight of ear, "in ounces: 
High-protein. . ...| 6. 982+ .054| 7.0 1.6944 .039 24.26+ .60 
BOW-DECtEIM. 05.05.5000: 7.005+ .068] 7.0 2.407+ .048 34. 3041. 08 
ES Se ere 6.8374 .052 | 7.0 1. 880+ .037 | 27. 50+ .82 
Low-oil. . 1. ss] Qe 244+ .059 | 9.0 2.2754 .042 24.614 48 
Rows of kernels on ears: 
High-protein. . ...] 13.0204 .050] 12.0] 1.5542 .035 11.93 .28 
Low-protein............ 13. 789+ .048 | 14.0] 1.5714 .034 II. 39+ .27 
CS Se ee 14.7704 .051 | 14.0] 1.7584 .036 It.go+ .25 
Low-oil.................] 12.8064 .042 | 12,0] 1.5934 .030| 12.444 .24 
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TABLE II.—T ype and variability of the four chemical-composition strains of Indian corn 
for II crops, 1905 to 1915—Continued 


CROP OF IgI0 
































Character and strain. Mean. pirical Standard devia- | Coefficient of vari- 
mode. —_ aay: 
Length of ear, in inches: 
High-protein............]  7.77140.039 | 8.0] 1.58140. 027 20. 340. 37 
Low-protein............ 8.4764 .051 | 8.5 | 1.678+ .036 19. 80+ . 44 
eee 7.315t .030] 7.5 I. O1g+ . 021 13.93+ .30 
Low-oil.................] 8 094+ .034! 9.0 I. 2334 .024 35.93% . 35 
Circumference of ear, in 
inches: 
High-protein............| 6.0344 .012 | 6.0 . 469+ . 009 9-97 .15 
Low-protein............ 6.730+ .016| 6.5 - 546+ . 012 8 124% 217 
oe aly - ye 6. 104+ .014 | 6.0 442+ .o11 7.24+ .15 
EOWON, oc citetencncanp GSS 08g] 700 - 510+ .o10 7-434 .15 
Weight of ear, in ounces: | 
High-protein............; 8 415+ .071 | 9.0| 2.8354 .o51 33-694 . 67 
Low-protein i Mere ocean 10.036+ .090 | 11.0] 3. 460+ .0og0 34. 48+1. 00 
ee | 7.600+ .061 | 7.0] 1.960+ .043 25. 82+ .61 
Low-oil.................| 10.9864 .090 | 13.0 | 3.060+ .064 27.85+ .62 
Rows of kernels on ears: | 
High-protein............| 13. 345+ .039 | 14.0] 1. 546+ .028 11. 58+ .21 
Low-protein bs decthe ede eee 14. 114+ .059 | 14.0 I. 995+ .042 14.13+ .30 
ee See 14.750+ .060 | 14.0| 1.936+ .042 13. 13+ .29 
BOWE. 06a 0 cdus« ciss'stele p Se Oar « O88 | 12. 0 | 1.672+ .033 14. 82+ .30 
CROP OF IQII 
| j 
Length of ear, in inches: | 
High-protein. reteeeceeee] 6. 302+0.038 | 6.5] 1. 402+0. 027 | 22. 25+0. 45 
Low-protein............| 7.8884 .045 | 85] 1. 411+ .032 | 17. 89+ . 42 
1 2) rrr | 6.7444 .034| 65] 1.2164 . 024 | 18.03+ .37 
Low-oil.................] 6.4864 .039 | 7.0] 1.3764 .027 | 21.21+ .43 
Circumference of ear, in | 
inches: | | 
High-protein............| 5.3504 .014] 5.5} 510+ .o10 | 9. 52+ .19 
Low-protein............ 6.026+ .014 6.0 502+ .o10 | 8. 96+ .19 
1 2 | ee ers | 5. 769+ .014 | 6.0 . 504+ .o10 | 8. 74+ .18 
EOW-Oll......ctis..ncce| Ogg .08g | G5 ~ 515+ .o10 | 8.454 .18 
Weight of ear, in ounces: | 1 
High-protein. seseseesese| 4980+ .056| 5.0] 1.8544 . 040 37-244 .9Q1 
Low-protein............ |} 8402+ .071 | 100 2.3304 .051 | 27.80+ .65 
pS eer es | 6.209+ .050| 6.0 1.672+ .036 | 26.93+ . 63 
Low-oil.................] 6.3234 .070| 60] 2.0384 .o50 32.23+ .85 
Rows of kernels on ears: | 
High-protein............| 12,.920+ .046 | 12.0] 1. 541+ .033 | 11.93+ .26 
Low-protein............ | 13. 700+ .052 | 14.0] 1.7444 .037 | 10. 08+ .22 
| Se ee | 15. 350+ .060 | 14.0] 1. 980+ . 042 | 12.89+ .28 
-ehhgmtas nasa 12. 721+ .060 | 12.0] 1. 693+ .043 | 13. 31+ . 33 
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TABLE II.—Type and variability of the four chemical-composition strains of Indian corn 
for 11 crops, 1905 to 1915—Continued 


CROP OF I9gI2 














| Em . 
. arse r Via- f vari- 
Character and strain. | Mean. = Cuneta = mee vari 
— | 
Length of ear, in inches: | 
High-protein............| 7.9920. 028 | 8.5 I. 356+0. 028 16. 970. 36 
Low-protein............ | 8 550+ .038 | 9.0 I. 490+ .027 17.43 .34 
LS eer | 7. 210+ .031 | 80 I. 232+ .022 17.09+ .31 
Low-oil. . oe 9.752 .032 |II.3 1. 180+. 023 1§. 22+ .32 
Circumference of ear, in 
inches: 
High-protein............] 5. 850+ .o14 | 6.0 - 475+ .o!0 | 8. 12+ .17 
Low-protein. ........... 6.4434 .014 | 6.50 - 549+ . 010 | 8. 52+ . 16 
ae eer 6. 066+ .o1r | 6.25 - 459+ . 008 7.574 .14 
Low-oil. . ...| 6619+ .032 | 6.75 ~§754 .OIr 8.664 .17 
Weight of ear, in ounces: 
High-protein. . ...| 8. 012+. 059 |10.0 1.985+ .042 24.772 . 57 
Low-protein............ 10. 962+ .071 |12.0 2.640+ . 051 24.08+ . 49 
CO eer 7. 852+. 049 | 9.0 1. 941+ .035 24.72+ .45 
Low-oil. . ...| 10. 369+ .073 |10.0 2. 561+ .052 24.70+ .54 
Rows of kernels on ears: 
High-protein. . ...| 12,8664 .0§2 |12.0 1.7454 .037 13. 56+ .29 
Low-protein............ 13. 794+ .059 |14.0 1. 801+ .042 13.05+ .26 
oo oe 14. 700+ .045 |14.0 1. 788+ .032 12. 16+ .22 
LOW-OL, ...00:0050000055 06] SQ GAB: ORS [12.6 1. 817+ .038 14.60+ .31 

















CROP OF 1913 











Length of ear, in inches: 
High-protein............] 7.4384+0.035 | 80] 1. 214+0, 025 16. 320. 33 
Low-protein............ 8.o5tt .041 | 85] 1.397+ .029 17.35 +37 
ae er 6. 582+ .033] 65] 1.1784 .023 17.90+ . 36 
Low-oil. . 7.0264 .033| 7-5] 1. 263+ .023 17.984 . 32 
Circumference of ‘ear, ‘in. 
inches: 
High-protein............] 5.5934 .019] 5.5 . 589+ . 013 10. 53 . 24 
Low-protein............ 5-950+ .017 | 6.0 - 578+ .0o12 g. 70+ . 21 
Co 5-305 .014] 5.5 - 493+ .o10 9. 14+ . 18 
Low-oil. . ..| 6380+ .016] 6.5 -604+ . O11 9.474 .18 
Weight of ear, in ounces: 
High-protein. . ...| 67544 .051 | 6.0] 1.7084 .036 25.29+ .57 
Oo Se 8. 221+ .060] 9.0] 1. 890+ .042 22.99+ -55 
Ne eS 5. 604+ .043 | 6.0] 1.437+ .030 25.64+ .58 
Low-oil......... ...| 7492+ .057 | 8.0] 2.000+ .040 26. 70+ .59 
Rows of kernels on ears: 
High-protein. . ..-| 13,008 .052 | 12.0} 1. 782+ .037 13. 70+ .29 
Low-protein............ | 14.260+ .060] 14.0] 1.9144 . 042 13.42 .31 
MEN hoa ceteecintene 14. 512+ .057] 14.0] 1.8624 .040 12,83+ .28 
Low-0il. ..............0.| 13. O10d .053 | 12.0] 1.8424 .038 14.164 .29 
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TABLE Il.—T ype and variability of the four chemical-composition strains of Indian corn 
for 11 crops, 1905 to r915—Continued. 


CROP OF 1914 





Em- sal 
Character and strain. Mean. pirical Standard devia- | Coefficient of vari- 








mode. tion. | ability. 
Length of ear, in inches: | 
High-protein....:.......| 7.24540.033 | 7-5 | 1.279+0.024 17. 65+0. 33 
Low-protein............ 8.037+ .041/} 85 | 1.3684 .029 17.024 .37 
MEMES Rs 6 6'6. 06:6) six dines 6. 423+ .035| 65] 1.248+ .025 19. 43+ . 40 
Low-oil. . .| 6985+ .032] 7.5] 1.2004 .022 17.184 . 33 
Circumference ‘of ‘ear, ‘in 
inches: 
High-protein............] 5.2874 .012] 5.3 - 441+ .008 8.344 .17 
Low-protein............ 5-918+ .014 | 6.0 - 474+ . 010 8.o1t .17 
DEPOEE Koc a Ciicicinsewedts §. 282+ .013 | 5.5 - 466+ . 009 8. 82+ .18 
TOW. cccccccsscccocss) GiGi .6mg | Gis - 544+ .o10 8.834 .17 
“= of ear, in ounces: 
igh-protein. . sees] 6.3964 .044] 6.0] 1. 499+ .031 23.444 .51 
EOWROUEIM, 0.00 cece 8. 284+ .068 | 9.0] 2. 170+ .048 26.194 .62 
MEIER GG 0.5 oS aceite weds §.207+ .043 | 5.0) 1.417+ .030 27.21% .63 
| 7 | ee .-.| 7 71t% .054] 7.0] 1. 863+ .038 24.164 .5§2 
Rows of kernels on ears: 
High-protein. .. -eee| 13.3604 .046] 14.0] 1.6684 . 033 12. 48+ .25 
Low-protein............ 14. 402+ .063] 14.0] 2.048+ .045 14. 22+ . 32 
bo | ere 14. 489+ .061 | 16.0] 1.9364 .043 13. 00+ .29 
Low-oil.................| 12.6844 .044] 12.0] 1. 552+ . 031 12.244 .25 














CROP OF I9I5 





Length of ear, in inches: 
igh-protein. . sevee| J 17640. 029 | 7.5 I. 17340, 021 16. 350. 29 
Low-protein............ 7.8594 .034 | 8.0 I. 23I+ .024 15. 66+ . 31 
pe" rors 7.3584 .028 | 8.0 I. 971+ .020 14. 56+ .28 
DR 5508 v.00: ..| 7. 103+ .035 | 8.0 1.148+ .025 16. 164 .35 
Circumference of ear, in 
inches: 
High-protein............] 5.674 .o10 | 5.75 - 412+ .007 7. 26+ . 13 
Low-protein............ 6. 125+ .016 | 6.50 - 583+ . or 9. 52+ . 19 
OS Se ree §. 781+ .o12 | 5.75 . 468+ . 009 8. 10+ . 16 
Low-oil.. cosscceel G 4554 . 027 | & SO - 592+ .012 9-174 .19 
Weight of ear, in ounces: 
igh-protein. .. coe] 72.0764 .044| 7-0 1. 669+ .031 23-594 .47 
Low-protein............ 8. 685+ .071 |10.0 2. 395+ .050 27.584 .62 
OS, ere 7. 361+ .049 | 7.0 1. 801+ .035 24.47 .50 
Low-oil.................| 8.0734 .072 |10.0 2.2944 . 051 28. 42+ .68 
Rows of kernels on ears: 
High-protein. . .. | 13-986 . 041 |14.0 1. 588+ .029 II. 354 .21 
Low-protein............ 15.038+ .053 |16.0 1. 896+ .037 12.614 .25 
Do Recs 15. 300+ .047 |16.0 2. 262+ .047 14.734 .31 
TOW-OBL, 0. ccccscccvvcces) EM ORR «O89 [246 I.712+ .037 12.204 .27 
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MEAN LENGTH OF EARS 





In the first year (1905) we find that the means in length for any two 
of the strains are significantly different. The smallest difference that 
exists is 0.27+0.056. We thus note that the smallest difference is 
about five times the probable error. The average difference in the 
means is about nine times the probable error of any difference between 
two means. 

Having thus found in the 1905 crop significant differences when the 
differences are judged by probable errors, we very naturally inquire 
how persistently these differences are maintained and to what extent 
they are accentuated under continued selection for chemical composi- 
tion. In these considerations we must not lose sight of the differences 
in soil conditions, such as we have on Experiment Station plots, and 
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Fic. 1.—Graphs showing the mean length of the ears in the four Illinois strains of Indian corn for 11 crops, 
I905“1915. 





differences in seasonal conditions—that is to say, it should be kept in 
mind in considering these results that the various strains have occupied 
different plots of ground in different years and that there has been no 
special attempt to maintain uniform or comparable soil conditions 
among these breeding plots. 

In figure 1 is shown graphically the mean values of length of ears in 
the four strains. It may be noted from these graphs that the order of 
magnitude of 1905 was maintained with slight exception till 1911. The 
year 1911 was an abnormal one characterized by lack of moisture at 
the time when the corn was much in need of moisture. The high- 
protein and the low-oil strains changed positions in 1912, and these 
two strains have maintained the new order through 1915. In 1915 the 
high-oil surpassed the high-protein and the low-oil strain, but it is not 
unlikely that this is only a seasonal fluctuation. While there have been 
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marked seasonal fluctuations in the mean length of ears for each of 
these strains, there is no marked regular change in the length of the ear 
for any strain. From the graphs in figure 1 there is, however, at least 
some evidence that, on the whole, the mean length of ears has been 
smaller during the second half of the period 1905-1915, than during the 
first half of the period. But it seems in explanation of this, that in the 
second half of the period there were at least three years in which the 
length of ears showed decidedly the effects of abnormal seasons. 

There has been one progressive change worth noting, in that the mean 
lengths of ears for the high-protein strain for the past four years main- 
tained a position above the low-oil strain. The differences between the 
mean lengths of ears in the latter half of the period 1905-1915 are 
slightly larger, but hardly significantly larger than those that existed 
in the earlier part of the period. 

Since the probability that a given order of four elements in a trial 
under pure chance is I to 24, we note that there is a decided tendency 
to maintain order in mean length of ears, although there are a few 
exceptions. 


MEAN CIRCUMFERENCE OF EARS 


In the first year (1905) we find significant differences in the means 
except possibly for the case of the low-protein and the low-oil strains. 
For this pair we find a difference of 0.14+0.03. While, under random 
sampling, we should probably ascribe at least some slight significance 
to such a difference, it is doubtful whether the difference is large enough 
to persist regularly under differences of seasons and soil. But, based 
on 11 years’ experience, we find that the low-protein strain has always 
shown a smaller mean circumference than the low-oil strain, except in 
the one year (1908) when the two were substantially equal. 

We note from figure 2 the regularity with which the order of 1905 
has been maintained. The order for circumference of ears has been at 
least as well maintained as that for the length of ears, and perhaps a 
little more persistently. Figure 2 shows that the mean circumference 
of the high-oil strain was lower than that of the high-protein strain in 
the year 1913 only. 

As to progressive changes, it is true, on the whole, that each of these 
strains shows a smaller mean circumference in the second half of the 
period 1905-1915 than in the first half, but it is not unlikely that this is 
due to seasonal fluctuations. What is more important for our purposes 
is to note that the mean differences between mean values are no more pro- 
nounced during the second half than during the first half of the period. 
That is to say, the differences existing in 1905 have well been maintained, 
considering the changes of soils and seasons, but they have not been de- 
cidedly increaeds since 1905 by the selections for chemical composition. 
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MEAN WEIGHT OF EARS 


In 1905 there appeared to be no significant difference in weight of ears 
between the high-protein and the high-oil strains, and no significant differ- 
ence between the low-protein and the low-oil. The high-protein and the 
high-oil were significantly different in weight of ears from the low-protein 
and the low-oil. These two classes seem to persist well under differences 
of season and soil, as shown by the graphs of figure 3. 

In regard to progressive changes in weight, there is no doubt that, on 
the whole, the mean weight of the ears for each strain have been less 
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Fic. 2.—Graphs showing the mean circumference of the ears in the four Illinois strains of Indian corn for 
II CfOPS, 1905-1915. 
during the second half of the period 1905-1915 than during the first half 
of the period; that this is, however, merely in response to abnormal sea- 
sons is shown by the fact that the ears are particularly light for the crops 
of 1911, 1913, and 1914. It is important to note that the selection for 
chemical composition has probably neither increased nor decreased sig- 
nificantly the differences in the mean weight of ears during the period 


1905-1915. 
MEAN NUMBER OF ROWS OF KERNELS ON EARS 


In the year 1905 there was a significant difference in the number of 
rows of kernels on ears. Figure 4 shows that the same order of magnitude 
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of number of rows of kernels has been invariably maintained throughout 
II years, except the years 1913 and 1915, when the low-oil changed 
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Fic. 3.—Graphs showing the mean weight of the ears in the four Illinois strains of Indian corn for 11 crops, 
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Fic. 4.—Graphs showing the mean number of rows of kernels in the four Illinois strains of Indian corn 
for 11 crops, 1905-1915. 
places with the high-protein strain. The differences, however, are in- 
significant in these years. As the character (rows of kernels) is deter- 
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mined by inherent tendencies and is less susceptible to external or en- 
vironmental influences than the other characters considered, we should 
expect smaller seasonal fluctuations than in the case of the other char- 
acters. 

As to progressive changes, we may note that while the low-oil strain 
seemed to tend toward a 12-row type for some years, it appears that in the 
1910, 1913, and 1915 crops 14 rows of kernels are the modal value. That 
is to say, there is no longer good evidence that the low-oil strain is ap- 
proaching a condition where the ears have 12 rows of kernels as a modal 
value. The differences existing in 1905 have been well maintained, ex- 
cept in the case of the high-protein and low-oil strains and we have indi- 
cated above that these two strains did not differ significantly in several 
recent crops. It is fair to say in a general way that the differences in the 
mean number of rows of kernels existing in 1905 have not been signi- 
ficantly accentuated by the selection for chemical composition from 1905 
to 1915, although the mean of the differences is slightly greater in the 
latter half of the period. 


GENERAL STATEMENT ABOUT DISTINCT TYPES 


Taken as a whole, it is found that distinct types, as shown by the mean 
length of ears, the circumference of ears, the weight of ears, and the 
number of rows of kernels, are so well established that in most cases we 
may assign an order of magnitude that persists well in such changes of 
environment as have been experienced in the 11 years of planting from 
1905 to 1915. While certain progressive changes have been noted above, 
the selections for chemical composition from 1905 to 1915 have not in- 
creased the difference in the mean values to such an extent that we are 
able to assert that the strains differ more with respect to these characters 
during the second half of the period than during the first half, although 
they certainly do not as a whole differ less during the second half than 
during the first half. In fact, as stated above, the differences of the mean 
length of ears and the number of rows of kernels are larger, by an in- 
significant amount, during the second half than during the first half of the 
period. 

STANDARD DEVIATIONS 


In general, the differences in standard deviations for the different 
strains compared to the corresponding probable errors are much smaller 
than the differences in the mean values for the different strains compared 
to their probable errors. 

Many of the differences in standard deviations do not persist well from 
year to year under differences of soils and seasons. Perhaps we may 
properly infer from figure 5, that, on the whole, of the four strains the 
low-protein strain has the largest standard deviation in length of ears, 
and the high-oil strain has the smallest standard deviation; but there are 
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s.—Graphs showing the standard deviation of the length of the ears in the four Illinois strains of 
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Indian corn for 11 crops, 1905-1915. 
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Fic. 6.—Graphs showing the standard deviation of the circumference of the ears in the four Illinois strains 
of Indian corn for 11 crops, 1905-1915. 
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some exceptions to this statement. At least we may state that the low- 
protein strain has for each of the 11 crops a larger standard deviation in 
length of ears than the high-oil strain. 

As shown graphically on figure 6, we find that on the whole the low- 
oil and the low-protein strains are more variable in circumference of 
ears than the high-protein and the high-oil strains. 

From figure 7 it is pretty clear that the low-protein and the low-oil 
strains are decidedly more variable in weight of ears than are the other 
two strains. When judged by probable errors, these differences are 
decidedly significant, and of such magnitude that we expect them to 
persist from year to year if soil and seasonal conditions are not extremely 
different. 
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Fic. 7.—Graphs showing the standard deviation of the weight of the ears in the four Illinois strains of 
Indian corn for 11 crops, 1905-1915. 


From figure 8 we note that the differences of standard deviations of 
number of rows of kernels for strains have not in general persisted well 
from year to year. For instance, in 1905 the standard deviation of the 
high-oil was greater than that of the low-oil strain by 0.31+0.06, but 
the next year it was less than that of the low-oil by 0.09+0.06. To 
have concluded from 0.31+0.06 that the high-oil strain has a larger 
standard deviation in number of rows of kernels than the low strain 
would have led us into error in 2 out of the 11 years. It may, however, 
be noted that the high-oil strain has each year of the 11 shown a greater 
standard deviation than the high-protein strain. 

Since the standard deviations, as shown in figures 5 to 8, do not show 
such an orderly arrangement as the corresponding mean values shown by 
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figures 1 to 4 and as the standard deviations have the smaller probable 
errors, we very naturally inquire for a plausible explanation of these 
results. Shall we conclude that the mean value is more stable and char- 
acterizes the strain better than the standard deviation does? ‘To be sure, 
we often give a mean value to characterize a type; but in accord with 
what is stated above about these four strains of corn, the ratio of their 
differences of means to the probable errors of such differences are in 
general much greater than the ratio of the differences of their standard 
deviations to corresponding probable errors. In more definite form it is 
found that the ratio of the average difference of means in a crop to the 
average of the corresponding probable errors varies from 12 in the case 
of length of ears to 23 in the case of circumference of ears. On the other 
hand, the ratio of average differences in standard deviations in a crop to 
the average of the corresponding probable errors varies from 3.5 in the 
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Fic. 8.—Graphs showing the standard deviation of the rows of kernels on the ears in the four Illinois strains 
of Indian corn for 11 crops, 1905~1915. 


case of rows of kernels to 7 in the case of weight of ears. Incidentally, 
in the latter case, we find that the standard deviation is strikingly higher 
for the low-protein and the low-oil than for the high-protein and the 
high-oil strains, and that this difference persists without exception for the 
11 crops. We should recognize, therefore, that the standard deviations 
of the four strains for a given year differ much less when compared with 
their probable errors than do the corresponding means. Hence, we 
should expect much less tendency to maintain an order of values of 
standard deviations than of means. If, on the other hand, the mean 
values were close together, and the standard deviations were significantly 
different, we could characterize strains better by standard deviations 
than by means. 
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Stated in another form, the differences of standard deviations of the 
four strains when taken as a whole are not large enough to separate the 
strains nearly so well as the differences of means separate them, although 
the standard deviations separate the strains well with regard to some of 
the four characters. For example, we distinguish the high-protein and 
the high-oil strains very effectively from the low-protein and the low-oil 
strains by differences of standard deviations in weight of ears. The 
fact that differences in standard deviations do not enable us to distin- 
guish the strains so well as the differences of means does not mean that 
the standard deviations are less stable from season to season for a given 
strain than are the means. In fact, taken as a whole, the standard 
deviations are considerably less variable from season to season than the 
corresponding means. ‘This is in accord with the fact that the probable 
errors of standard deviations are only about 0.7 those of corresponding 
means. We are justified in putting the above statement a little stronger . 
by saying that the ratio of fluctuations of standard deviations actually 
experienced to the probable errors of standard deviations are less for these 
four strains than the corresponding ratios of fluctuations of means to the 
probable errors in the means. 


COEFFICIENTS OF VARIABILITY 


The coefficients of variability do not in any marked way maintain a 
definite order of values from year to year. We prepared graphic repre- 
sentations of the coefficients, but hesitate to take the space for their 
publication, since the conclusions drawn consist largely in the statement 
of the existence of insignificant differences that may be obtained by 
inspection of the tables. For length of ears these graphs gave a fair 
illustration of as many crossings as we should expect under pure chance. 
On the other hand, in circumference of ears the low-protein and low-oil 
strains have in general somewhat higher coefficients of variability than 
the high-oil strain. 

When we compare differences of coefficients of variability with their 
probable errors, the differences in a fair number of cases are significant 
when judged by the usual requirements in regard to random sampling. 
But these differences are generally insufficient to withstand changes of 
season and soil. Further, we find that the ratio of the average of the 
differences of coefficients of variability in a season to the average of the 
probable errors in such differences varies from 2.7 in the case of rows of 
kernels to 3.8 in the case of weight of ears. The corresponding ratios of 
12 and 23 given above for means show a striking contrast. This accounts 
for the maintenance of a pretty regular order for mean values, while no 
considerable degree of regularity is maintained among coefficients of 
variability. It seems that to maintain any considerable regularity from 
one season to another the differences must be larger, compared to prob- 
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able errors, than those which exist in the case of these coefficients of 
variability. 
A) 3 
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Fic. 10.—Graphs showing the mean circumference of the ears in the two-ear strains of Indian corn, 1908- 


1916. 


TWO-EAR STRAINS 


Table III gives the means, standard deviations, coefficients of vari- 
ability, and corresponding probable errors, for length of ears, circum- 
ference of ears, weight of ears, and number of rows of kernels on ears 
for the two-ear strains. 
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COMPARISON OF UPPER AND LOWER EARS ON THE UPPER- AND LOWER- 
EAR PLOTS 


The “upper-ear plots” were started by selecting seed from upper ears 
for the purpose primarily of determining the ratio of the number of 
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Fic. 11.—Graphs showing the mean weight of the ears in the two-ear strains of Indian corn, 1908-1916. 


stalks with single ears to the number that have two ears in the offspring 
of such parents. In succeeding years, the upper ears continued to be 
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Fic. 12.—Graphs showing the mean number of rows of kernels in the two-ear strains of Indian corn, 1908- 
1916. 

selected for planting. This perhaps defines sufficiently what is called 

the ‘“‘upper-ear plots.’’ Similarly on the “lower-ear plots” the lower 

ears were selected for planting. In the present paper we are not con- 

cerned with the primary purposes of the experiment, but with the effects 
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of the selections on the four physical characters of ears mentioned 
above. 

Our data on the upper-ear plots cover four crops, 1908 to 1911. Our 
data on the lower-ear plots cover nine crops, 1908 to 1916, with the one 
exception of the single ears for 1911, owing to the fact that the records 
are not available for that case. 


DIFFERENCES IN MEANS 
[Table III and fig. 9 to 12] 


It is true in every case that the upper ears have a significantly larger 
mean value in length, weight, and circumference than have the corre- 
sponding lower ears of the same stalks. This fact stands out promi- 
nently in the graphic representations of figures 9 to 12. 

In mean length of ears these differences range from 5 to 30 per cent of 
the mean length of the shorter group of ears. 

In mean weight of ears the differences range from 14 to 70 per cent 
of the mean length of the lighter group of ears. 

In mean circumference of ears the differences range from a little less 
than 5 to 13 per cent of the mean circumference of the smaller group of 
ears. 


TABLE III.—T ype and variability of the two-ear strains of Indian corn 


UPPER-EAR PLOT, CROP OF 1908 














m - > . . . 
Character and strain. Mean. ‘cal — eee — 
| 
Length of ear, in inches: | 
WINMIS COIS... cise bse e's 7. 870+0. 054 | 9.0 I. 750+0. 038 22. 240. 51 
Upper eames... 05... 8.7394 .052 | 8.5 - 950+ . 037 10. 94+ . 42 
Lower eafs..............] 6.840 .072 | 7.5 I. 344+ .052 19.65+ .77 
Circumference of ear, in 
inches: 
Single ears..............] 6067+ .020 | 6.0 - 630+ . 014 10. 38+ .24 
ee? 6. 060+ .025 | 5.75 -4544 .018 7-49 .29 
Lower €afS..............] 5 4792 -030 1 5. 50 «533% . 021 9-73 .40 
Weight of ear, in ounces: 
witigie ears..............) & 64 £&.I2 Ao 2.986+ .071 34-57 -97 
0 7) eee 8. 786+ .098 | 9.0 | 1. 658+ .070 18. 88+ . 81 
Lower ears..............] 5.69 £.13 |6.0 | 2.0344 .o91 35-7541. 68 
Rows of kernels on ear: | 
Single ears..............] 18.35 + .086 |18.0 2. 516+ . 060 13. 71+ . 34 
WEGNER. uy aitixis, dv ghee 18.03 + .14 |180 2.55 + .10 14. OSa& . 56 
Lower eafS..............| 1825 + .20 |18&0 2.744. 15.044 .78 
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TABLE III.—Type and variability of the two-ear strains of Indian corn—Continued 






UPPER-EAR PLOT, CROP OF 1909 























































. : Empir- Standard devia- cie ia- 
Character and strain. Mean, i. 4 tion. ies Coeffi bilite = 
Length of ear, in inches: 
Single ears..............] -7.77§4+0.043 | 8.0] 1. 085+0.030 13. 960. 40 
Se. eer 8. 325+ .062 |] 85 897+ . 043 10.772 . 53 
Lower ears....... 6. 512+ .097| 65] 1.3494 .065 20. 721. 10 
Circumference of ears, in 
inches: 
Single ears..............] 6183+ .020] 6.0 - 512+ .014 8. 42+ .24 
MI BBEF CATE. osc sec cas 5.976+ .028] 6.0 408+ .020 6.83+ .34 
Lower ears. . veel) Sr $792 «O90 Sig - 485+ .025 9. 03+ . 48 
Weight of ear, in ounces: 
Single ears. seseveeel 7 7IQ .087] 8.0] 2. 166+ .06r 28.06+ .86 
eer. 7.69 + .12 8.0} 1.622+ .084 21. 0g+1. I0 
Lower ears. .-5] 452 + 56 4.0] 1.810+ .098 40. 1142. 50 
Rows of kernels on ears: 
Single ears. sooveee] BRQE £20 | 56.0] 9.4804 . 07% 13. 86+ . 41 
MDDOT BOB, 6.5. 0.6'6.8018:0:5:6:5 16.76 + .16 | 16.0| 2.30 + .22 13.724 .72 
LOWEFEMS......0.5.60565) 30.99 2.28 1 IRO] QAt & . 3s 12.93+ .80 





UPPER-EAR PLOT, CROP OF IgI0o 








Length of ear, in inches: 
Single ears..............] 7.8204+0.057 | 9.0] 1. 592+0. 040 20. 360. 53 
MOOD BOND. 650606850008 8. 268+ .056} 80] 1.021+ .0o40 12.35+ .48 
Lower ears. ..++] 6.5224 .079|] 7.0] 1.3644 .056 20.91+ .89 
Circumference of ear, in 
inches: 
Single ears..............]| 6.3764 .0o19] 65 - 526+ .014 8. 25+ .22 
Ce ee 6. 260+ .025| 6.0 -459+ .018 7-33 .18 
Lower ears. ooo] § Fog <Og2 1 BS - 529+ .023 9-15 .40 
Weight of ear, in ounces: 
Single ears. cocoseeel QeSF ae «Se Ir.0}] 2.957+ .079 30.914 .90 
ROIIES, 5. 6609 0:0: c505% 8.99 + .12 g.0 | 2.205+ .087 24.5 +1.0 
Lower ears. . cweel 10 03 ce SQ 6.0] 2.1284 .099 34-7 +1.8 
Rows of kernels on ear: 
Single ears. seveees| 17.5424 .091 | 18.0] 2.3664 . 064 13. 494+ . 37 
Upper ears. .. ah Sebi es cane 17.26 +.14 | 16.0] 2.54 + .10 14. 73+ .60 
LSWEE CRIB. 00 5.066 vessel B70 QE se RS «| TOO) 0.07 ae. . 82 1312+ .64 















UPPER-EAR PLOT, CROP OF 

















Length of ear, in inches: 












MID. 5:5 55:08 vdividllc- dine 55.080 Haws SS vee aie eet ee ee cree 
0 ie eee 7.53740.010 | 7.5 I. 3190. 070 17. 500. 94 
Lower ears. ..--| §- 71§t .012 | 60] 1.2984 . 083 22.71+ .13 
Circumference of | ear, in 
inches: 
PURINES sip sch-05- 4.444444 sea ee betes Caine eeusince cesses ee ceatls ve sentar oe sees 
Sere 6.066+ .041 | 6.0 +535 .029 8. 82+ . 48 
Lower ears. . veseeel 55339 -049] 5.0 603+ .035 I1.2g+ .67 
Weight of ear, in ounces: 
Single ears. . sis:t Spite Cae Sake se eke Spee IA UET OLS OAS ES MICS MMe pC ma a Kee 
ee ES eee ee 7.9424 .015 | 9.90/ 1.9414 . OIL 24.444 .15 
EO WEE BNIB i 6's.505500050 00 3.0 016 
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TABLE III.—Type and variability of the two-ear strains of Indian corn—Continued 


LOWER-EAR PLOT, CROP OF 1908 





Empir- 


























Character and strain. Mean. R... ees aed a — 
Length of ear, in inches: 
Single ears..............| 7.05620.043 | 80] 1.29540. 030 18. 350. 44 
ae 7.2384 .0907| 7.5] 1.2274 .068 16.95+ .96 
Lower ears. oxotexe sp Rg et 26 6.0} 1.1884 .071 19.3 £1.2 
Circumference of | ear, in 
inches: 
Single ears..............] 5.741% .020] 6.0 -574% .014 10, 00+ .25 
[a eer ee 5.671% . 051 | 5.75 - 575+ .036 10.14 . 64 
Lower ears. seseeee| 5. IQ2H .046 | 5.25 ~ 5144 .032 10.09 .64 
Weight of ear, in ounces: 
Single ears. seceee] 67404 .078 | 7.0 2.1764 .055 32. 28+ .90 
Upper ears. . egies; 0 as shenke 6.26 + .20 | 5.0 2.24 + .14 35-7 £2.5 
Lower ears. . voce) 3S BOP [Se 1.79 & .12 6 43.4 
Rows of kernels 0.1 ear: 
Single ears. --e] 17-99 £10 | 18%0/| 32.55 + .07F 14.32 . 41 
Upper ears. .. eee ee 17.35 & .20 | 16.0 | 216 +.14 12.45 .82 
Lower eafs..............| 16.49 + .23 | 16.0] 2.20 + .16 13.3 +1.0 
LOWER-EAR PLOT, CROP OF 1909 
Length of ear, in inches: 
SHIRIO CBI is ccs ccc e ces 6. 834+0.039 | 8.0] 1.143+0. 028 16. 7340. 42 
Upper €afe...... scsi 7.3504 . 061 7.5 -QOIt . 043 12.264 .59 
ROWOP COFGe. 06... Sec ices 5. 7oIt .078 | 5.5] 1.1764 .055 20.6 +1.0 
Circumference of ear, in 
inches: 
CHIIBIO CRIES. 66 as Sices 6.014+ .019] 6.0 - 552+ .013 9. 4 .23 
WOR OMe sicnccees 5. 932+ .032| 6.0 - 404+ .022 7.82 .37 
BOWE OMB 66 circ. 5.350 .041 | 5.5 - 546+ .029 10. 19 .55 
Weight of ear, in ounces: 
co ee 6.87 + .11 7.0| 2.2284 .078 32.4 £1.3 
Oy 6. 763+ .14 7.0] 1.994 .099 29.5 +1.5 
gd See 3-88 + .15 2.0] 1.89 + .11 48.7 £3.2 
Rows of kernels on ear: 
SHNGIS COPS... 6. occ 17.63 + .094 | 16.0] 2.4964 . 066 14. 16+ . 38 
4 16.93 + .16 | 16.0] 2.28 + .11 13. “~- . 67 
BOWOE CMB 6 cic :c cseces 16. 60 £. 28 | 16.0] 2.75 + .20 16.5 +1.2 
LOWER-EAR PLOT, CROP OF IgIOo 
Length ofear,ininches: | | 
ee ee | 7.314+0.051 | 8.0] 1. 416+0. 036 19. 3640. 26 
Lj. See 7.517+ .039] 80] 1.088+ .020 14. 48+ . 38 
Pd ee 6. 405+ .045| 7-0] I. 195+ .032 18. 66+ . 51 
Circumference of ear, in 
inches: 
eee 6.272+ .022| 6.0 - 587+ .016 9. 36+ .25 
NIGMGR OMe. ices. 6 cs cas 6.122+ .018| 6.0 - 476+ .012 7.784 .20 
Pe ee 5.816+ .o19 | 6.0 480+ .013 8. 25+ .23 
Weight of ear, in ounces: 
Single ears............. 8.3594 .12 5.0] 2.853+ .085 34.1 £11 
eee 7.770% .087 | 7.0] 2.1244 .061 27.324 .85 
er, eee 5-793 -081 | 5.0] 1.9034 .057 8 +11 
Rows of kernels on ear: 
NIOOMNB es 666.008 ie es 17.44 4.11 | 16.0] 2.644+ .076 15.1§t .45 
DPR EP CRIB... 5 oss. cence 17.24 + .10 16.0} 2.674+ .071 15.51 .42 
ee ee 17.07 &.1I1 | 16.0] 2.5844 .076 15.144 .45 
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LOWER-EAR PLOT, CROP OF IQgII 


TABLE III.—T ype and variability of the two-ear strains of Indian corn—Continued 









Character and strain. 


Mean. 


Standard devia- 
tion. 


bility. 










Coefficient of varia- 





Length of ear, in inches: 





























See eee OC LOTR TO CG, TREE, SOT ne SER Cre 
WOPEP ERD... 62 csciceves 6. 462 £0. 087 I. 3570. 062 21. Oo+1. 00 
BOWE? COMB. 5.0.0 vines os 5-358 .0gr I. 358+ . 065 25. 3541. 30 
Circumference of ear, in 
inches: 
ENON hc 0 s1s:cid 8s Sails a c'pera elena MENTOR Rasps +e ERNE OMER CON Vee Mowers e nue 
oe: eee 5. 790+ .078 5324 .056 9. I9+ .50 
BOWE? CONG 5065560616 086 5. 216+ .0gr 561+ . 065 1075+ .65 
Weight of ear, in ounces: 
ee PROT Te er reer, eee eer ea eee 
WPDEVIODIS «5 bi60% oes aos | 6.18 + .170 1. 764+ .120 28.5 +1.4 
ed. a ae 4.04 + .130 1.677+ .089 41.5 +2.6 
CROP OF 
Length of ear, in inches: 
ee es Serer 7. 0560. 048 | 7.5 I. 2330. 034 17.470. 49 
VDRO OMB i. 6c:0 cheeses 7.2504 .066 | 7.0 I. goo+ .047 26. 21+ .67 
RIO WOT DOIG i060 <.5 ce 0's 6.1764 .075 | 65 2. 100+ .053 3400+ . 84 
Circumference of ear, in 
inches: 
WINPIC CAMB... 5.050505 5.8534 .020 | 6.0 - 523+ .014 8.944 .24 
WDDGE GRID... once cesnss 5. 700+ .O15 | 5.75 417+ .010 7.32% - 109 
RATES GOED... 5 0:06:00 05 00.00 5.4274 .014] 5.5 + 392+ .010 7.22+ .19 
Weight of ear, in ounces: 
SHEIGIC CATS... 6 cc eegsccs 7.0044 .088 | 6.0 2.0534 .062 29. 31+ .96 
PDOT OBI ic 5c 5st o's 6. 429+ .052 | 6.0 1. 406+ . 037 21.87+ .65 
EOWCE OMB. 6.0.60 0c.0000 4-977 -052 | 5.0 1.245 .037 25.02+ .79 
Rows of kernels on ear: 
MRIS DOTS. osc oso e se 16. 560+ . 088 |16.0 2.212+ .062 13.614 . 39 
WOOT ORE. ssc cccces | 15. 560+ .069 |16.0 I.ggo+ .049 22.79 . 32 
DWT COT 65.5:6:00 8 80 15. 822+ .023 |16.0 1.870+ .016 11,82 . 10 
CROP OF 
Length of ear, in inches: 
2h OS: ee 6. 2020. 061 | 6.0 I. 3940. 043 22. 48+0. 75 
Upper SAMS... cs 0sc00 6% 6. 741+ .064 | 6.5 1. 238+ .046 18.37+ .72 
ROWOE C68... 60sec 5. I92+ . 069 | 5.0 1.257 .049 24.2 +1.0 
Circumference of ear, in ; 
inches: 
ee er 5-359 .025 | 5.0 . 581+ .018 to. 84+ .35 
Upperears.......sscee. 5-374 .028 | 5.5 - 528+ .020 g. 82+ . 39 
LOWE COIS’ 5.65 6i06 sc 0siss 4.2444 .025 | 4.75 4544 .018 9-374 -39 
Weight of ear, in ounces: 
eS ee 5. 908+ .093 | 6.0 1. 641+ .066 27.8 £1.3 
WDROP ORIG: ..is 00 cies 5. 280+ .083 | 5.0 I. 411+ .059 26.7 +1.2 
Ok oe 3. 655+ .093 | 3.0 I. 173 .060 g2.r +1.8 
Rows of kernels on ears: 
SSRIS GRID. os 6550s oe soe 16.19 + .13 |16.0 2. 486+ . 089 15.354 .58 
UpperF Oa98......0. 6 cicrccs 16.10 + .13 |16.0 2. 252+ .cgo 13-994 . 58 
ee 15.42 + .15 |14.0 2.07 + .10 13.42+ . 69 
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TaBLEe III.—Type and variability of the two-ear strains of Indian corn—Continued 


CROP OF I914 








Character and strain. Mean. ‘cal Cun ct = — 
Length of ears, in inches: 
Single ears..............] 6.8550. 061 | 8.0 I. 4730. 043 21. 49+0. 71 
WR ORR i ginic nekes nnd 7.1904 .031 | 7.5 1.0524 .022 14.63+ .32 
Lower ears. . ccoccceel 6.340% .032 | 6.5 I.orst .022 16.01r+ . 36 
Circumference of ear, in 
inches: 
Single ears..............| 5.7892 .024] 5.75 -574 .O17 9. 92+ .30 
WOE ORIR iss vicina vas ees 5-696+ .014] 5.75 - 450+ .o10 8.01 .17 
Lower ears. --| 5-427 .014] 5.50 - 440+ .o10 8.114 .18 
Weight of ear, in ounces: 
Single ears. .. cosscccsl Fe te «Ie | 70 2.246+ .070 31.1 1.0 
UDOT CIID: vicicececicestt 7.060+ .048 | 7.0 I. 553 - 034 22.00+ .51 
Lower ears. ..| §.3764 .049 | 5.0 I. 439+ .035 26.77+ .69 
Rows of kernels on ear: 
Single ears..............] 16.434 .097 |16.0 2.245+ .069 13.66+ .42 
UPREe GG Feiss bel cieni 16. 004+ . 065 |16.0 2.128+ .046 13.304 .2 
Lower e€afs..............| 16. 140+ .066 [16.0 2.0604 .047 12.764 .30 

















CROP OF IQI5 

















Length of ears, in eset 
Single ears. ccccccee| Jo PBOO. OFF | 7-5 1. 2880. 053 17.8440. 79 
Upper eich si sk cides 7.1074 .024 | 7.5 -goo+t .017 12.66+ .24 
Lower ears. . me -| 6.718% .025 | 6.5 939+ .018 13.984 .27 
Circumference of ears, in 
inches: 
Single ears..............| 5.7182 .028 | 5.75 -470+ .020 8.22+ .35 
Lip See §.485+ .o1r | 5.5 - 404+ . 008 7-374 .14 
Lower €afs....... ooo| §- 2952 -OFE | 5.5 -414+ .008 7.82 .15 
Weight of ear, in ‘ounces: 
Single ears. . ccoccccs] GS60% . 225 | Ro 1.878+ .081 27.4 +1.3 
Upper €ams. ...cecccccee 5-981 .033 | 6.0 I. 228+ .024 20.534 .41 
Lower ears. . sees] 5-243 -036] 5.0 1. 285+ .025 24. 51+ .50 
Rows of kernels on ear: 
Single ears..............{ 16.69 + .13 |16.0 2.250+ .095 13. 48+ .60 
Lio See eee 15§.990+ .055 |16.0 2. 086+ .039 13.054 .25 
Lower €ars.............+.| 16.282+ .054 |16.0 2.026+ .038 12.444 .24 
CROP OF 1916 
Length of ears, in inches: 
Single ears. coeceeee| 6.3270. 042 | 6.5 0. 9340. 030 14.770. 49 
URDEF COIR is oc cai BINNS 6. 545+ .047 | 6.5 I. 057+ °. 033 16.15+ .52 
Lower ears. . coos] 5 441 050] 5.5 I. 11It .035 20.42+ .67 
Circumference of ear, in 
inches: 
Single ears..............] 4.9952 .020] 5.0 - 4444 .014 8. 89+ .29 
UPB? COMB. 0.0 ccccccces 5.011 .016 | 4.75 - 369+ .0o12 7-35 -23 
Lower ears. . ooo] 4615+ .018 | 4.75 -413+ .013 8.954 .25 
Weight of ear, in ounces: 
Single ears. .. soseees| 4. 762+ .087 |] 4.0 1.7764 .062 37-2941. 46 
i eee 4: 549+ -054] 4.0 1.143% .038 25.134 .87 
Lower ears. . eoeee] 3-270 -053 | 4.0 I.035+ -037 31. 6441.25 
Rows of kernels on ear: 
Single ears..............| 16.249+ . 090 |16.0 1.849+ . 063 11.37+ .42 
Wee GON he cies csicines 16. 327+ .095 |16.0 2.070+ .067 12.68+ . 42 
Lower eafs..............| 16.14 + .10 |16.0 2.123+ .074 13-15 - 47 
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With respect to the number of rows of kernels on ears, no significant 
difference is shown to exist between the upper and the lower ears. 
While the upper-ear plots were continued for only four years, it seems 
that it may be of value to compare for these four years the upper ears 
of the upper-ear plots with the upper ears of the lower-ear plots and the 
lower ears of the upper-ear plots with the lower ears of the lower-ear 
plots. From such a comparison (see fig. 9 to 12) we may assert that in 
mean length of ears, circumference of ears, and weight of ears, the upper 
ears of the upper-ear plot are larger in each case than the corresponding 
upper ears of the lower-ear plot. The lower ears of the upper-ear plots 
exceed in mean length and weight the lower ears of the lower-ear plots, 
but in circumference no significant difference exists. 


DIFFERENCES IN VARIABILITY 
[Table III and fig. 13 to 16] 


The standard deviations of length of ears have in general been only 
slightly different for the upper and lower ears of the lower-ear plots. 
In circumference of ears for the lower-ear plots it seems that the dif- 
ferences in standard deviation are insufficient to persist from season to 
season. In the weight of ears the standard deviations of the upper ears 
of the lower-ear plots have generally been significantly greater than those 
of the lower ears of the lower-ear plots. The year 1915 gives an excep- 
tion to this rule. The standard deviations of the upper ears on the up- 
per-ear plots for length of ears, weight of ears, and circumference of ears 
are in general smaller than the corresponding standard deviations of 
the lower ears on these plots. 

The coefficients of variability for length and weight of the lower ears 
of the lower-ear plots are decidedly larger than the coefficients of varia- 
bility for these characters in the upper ears of the lower-ear plots. Fur- 
thermore the coefficients of variability of length, circumference, and 
weight of the upper ears are larger for the lower-ear plots than for the 
corresponding upper-ear plots. 


COMPARISON OF SINGLE EARS ON UPPER- AND LOWER-EAR PLOTS WITH 
THE UPPER AND LOWER EARS 


(Table ITI and fig. 9 to 16] 
DIFFERENCES OF MEANS 
[Fig. 9 to 12) 
The means of single ears for weight, length, and circumference are 
larger in each case than the corresponding means of the lower ears. 
In length of ears the mean values of the upper ears are larger than those 


of the corresponding single ears in 10 out of 11 cases. To judge by 
probable errors, no more than half of these differences are significant. 
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But on the whole there seems to be some tendency for the upper ears to 
exceed the single ears in length. 

In the circumference of ears the means of the single ears exceed the 
means of the upper ears in 8 out of 11 cases, but only 4 of these differences 
are significant when judged by probable errors. 

In weight of ears, the means for the single ears exceed those for the 
upper ears in every case but one. Thus, it appears in a general way that 
single ears tend to be relatively heavier and larger in circumference, but 
shorter than upper ears. 

In rows of kernels on ears the mean number for the single ears is larger 
in each case but one than that for the upper and lower ears, but three 
of these differences are so small as hardly to be regarded as significant 
when compared with probable errors. 


DIFFERENCES IN VARIABILITY 
[Table III and fig. 13 to 16] 


With respect to the length of ears nothing very definite is to be in- 
ferred. In cir- cumference of ears, with a single exception in 22 cases, 
the standard deviation of the single ears exceeds that of upper and lower 
ears,and the difference is insignificant in this exceptional case. 

In weight of ears the single ears have a greater standard deviation 
than the upper or lower ears in 21 out of 22 cases. In fact, so great is 
this difference that in some cases it looks as if the two frequency distri- 
butions of upper and lower ears might be combined to form the frequency 
distribution of single ears. 

In length and weight of ears the coefficients of variability of the 
lower ears exceed those of the corresponding upper ears. In circum- 
ference of ears, the coefficient of variability of the lower ears either exceeds 
in each case that of the corresponding upper ears or differs from it by 
an insignificant amount. 


ERECT- AND DECLINING-EAR STRAINS 


Table IV gives the means, standard deviations, coefficients of varia- 
bility, and the corresponding probable errors for the characters in quese 
tion of the erect- and declining-ear strains. 

Although we exhibit graphically the results on the erect- and declining- 
ear strains and those on the high- and low-ear strains on the same figures, 
we do so to save space, and not to make comparisons of the erect- and 
declining-ear strains with the high- and low-ear strains. Comparisons are 
made only between the erect- and declining-ear strains and between the 
high- and low-ear strains. 
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Fic. 13.—Graphs showing the standard deviation of the length of the ears in the two-ear strains of Indian 
corn, 1908-1916, 
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Fic. 15.—Graphs showing the standard deviation of the weight of the ears in the two-ear strains of Indian 
corn, 1908-1916. 
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Fic. 16.—Graphs showing the standard deviation of the number of rows of kernels in the two-ear strains of 
Indian corn. 











Journal of Agricultural Research Vol. XI, No. 4 





DIFFERENCES IN MEANS 


[Fig. 17 to 20] 


In 6 of the 10 years of this experiment we find that the mean lengths 
of the erect ears exceed those of the declining ears. In 7 of the 10 years, 
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Fic. 17.—Graphs showing the mean length of the ears of the erect- and declining-ear strains of Indian 
corn. 


the means of weights of erect ears exceed those of declining ears. In 
mean number of rows of kernels on ears, there is no significant difference 
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Fic. 18.—Graphs showing the mean circumference of the ears of the erect- and declining-ear strains of In- 


dian corn. 


between erect and declining ears. Taken as a whole it seems that no 
differences in means are large enough to persist well from season to 
season. The fact that the erect ears are on the whole, at least as heavy 
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as the declining ears is of special interest because of a natural suggestion 
that the ears decline on account of their weight.' 
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Fic. 19.—Graphs showing the mean weight of the ears of the erect- and declining-ear strains of Indian corn. 
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Fic. 20.—Graphs showing the mean number of rows of kernels on the ears of the erect- and declining-ear 
strains of Indian corn. 


DIFFERENCES IN VARIABILITY 
[Fig. 17 to 20] 
In regard to the standard deviations it seems that no inference of value 


is to be drawn in regard to differences between erect and declining-ear 
strains. It seems that in about one-half of the cases the erect ears are 





1Smira, L. H. THE EFFECT OF SELECTION UPON CERTAIN PHYSICAL CHARACTERS IN THE CORN PLANT 
Til. Agr. Exp. Sta. Bull.132 , p. 47-62, 5 P. 1909. 
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more variable than the declining, while the reverse is true for the remainder 
of the cases. The differences are in general of no significance. The same 
may be said in regard to the coefficients of variability, of which we pre- 
pared graphic representations but hesitate to take the space to exhibit 
them, since the conclusions drawn can be readily obtained from the 
values in Table IV. 


TABLE IV.—Type and variability of the erect- and declining-ear strains of Indian corn 


CROP OF 1997 




















Character and strain. Mean. vical eee” 4 mane’ Contietent ” varia- 
Length of ear, in inches: 
ca a. ee 7.925+0.037| 9.0] 1. 380+0. 026 17. 4TLO. 35 
Declining ears.......... 7.908+ .053] 9.0] 1.575+ .037 19.77 .50 
Circumference of ears, in 
inches: 
Co See 6.053+ .014] 6.0 - 519+ .o10 8. 58+ .17 
Declining ears.......... 6.086+ .020|] 6.5 - 568+ .014 9. 33+ - 23 
Weight of ears, in ounces: 
BPOCUGIIB is cscs sess 9. 191+ .075 | 10.0] 2.688+ .053 29.25+ .64 
Declining ears.......... 8.660+ .110] 9.0] 2.9534 .071 33: 98+ -99 
Rows of kernels on ears: 
ee eee 13.918+ .054 | 14.0] 1.goot .038 13.65+ .28 
Declining ears.......... 14.688+ .072 | 14.0] 1.983+ .052 13. 50+ .35 
CROP OF 1908 
Length of ear, in inches: 
oe) Se 7.850+0.067 | 8.0] 1.243+0.024 15. 840. 31 
Declining ears.......... 7.1834 .031 | 7.0] 1. 109+ .022 15.44 .31 
Circumference of ear, in 
inches: 
ee §.goo+t .014 | 6.0 . 500+ .oI0 . 848+ .17 
Declining ears.......... §. 51m .013 | 5.5 - 447+ . 009 8. 11+ .16 
Weight of ear, in ounces: 
ee, See 8. 128+ .067 |. 8.0] 2.132+ .047 26.23+ .62 
Declining ears... ....... 6. 485+ .053| 6.0] 1.803+ .037 27.80+ .62 
Rows of kernels on ears: 
ES re eee 14. 560+ .051 | 14.0] 1.7544 .036 12.05+ .25 
Declining ears.......... 14. 370+ .056 | 14.0] 1.880+ .039 13.08+ .28 











CROP OF 1909 














Length of ear, in inches: | 
te, ae 7. 366+0.033 | 80] 1.246+0.023 16. 92 +0. 32 
Declining ears..........] 7.2784 .034] 7.0] 1.2984 .024 17.83+ . 36 

Circumference of ear, in 

inches: 
ee OC ee §.911+ .013 | 6.0] .512+ .009 . 866+ .17 
Declining ears.......... 5.647+ .016] 5.5] .570+ .012 10.09+ .20 

Weight of ear, in ounces: 
Erect ears..............] 7.4424 .058] 8.0] 2.186+ .041 29.37+ .60 
Declining ears.......... 5.836+ .056|] 6.0! 1.9164 .0o40 32.834 .75 

Rows of kernels on ears: | 
Erect cafe. .....5..6.665 14.623+ .053 | 14.0] 1.927+ .038 13.07+ .26 
Declining ears.......... 14. 429+ .057] 14.0] 1.9114 .040 13.24+ .28 

| 
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TABLE I1V.—Type and variability of the erect- and declining-ear strains of Indian 
corn—Continued 


CROP OF 1910 






































: Empir- ar via- cient of varia- 
Character and strain. Mean. A. J cts ~~ Coeff ae ' 
Length of ear, in inches: 
BORE COIR. <5 00g. Ris ees 7.691+0.031 | 8.0] 1.065+0. 022 13. 85+0. 29 
Declining ears.......... 7.3504 .035| 8.0] 1.143+ .024 15. 55+ .34 
Circumference of ear, in 
inches: 
Po ee eer 6.135+ .013 | 6.0 -455+ .009 7.42+ .16 
Declining ears.......... 5.7904 .015| 6.0 - 484+ . or 8.354 .18 
Weight of ear, in ounces: 
ROO GIR. oak. ceca 8.643+ .068|} 9.0] 2.267+ .048 26. 23+ .59- 
Declining ears.......... 6.5984 .061 | 7.0] 1.8754 .043 28.42+ .71 
Rows of kernels on ears: 
A ere 14. 314+ .050]| 14.0 1.6764 .035 I1.7It .25 
Declining ears.......... 14. 520+ .056/] 14.0] 1. 765+ .040 12. 16+ .28 
CROP OF I9QII 
Length of ear, in inches: | 
jo ee | 7. 708+0. 036} 8.5 1. 418+0. 026 18. 39+0. 34 
Declining ears.......... | 6. 985+ .036] 7.5 I. 312+ .026 18. 78+ . 38 
Circumference of ear, in | 
inches: 
Ce SRE | §. 785 .omr | 5.75 -457+ .0c8 7.90+ .15 
Declining ears.......... | §.575+ .oI5 | 5-50 - 510+ . or 9-I5+ .19 
Weight of ear, inounces: | 
CY errr | 7. 480+ .053 | 8.0 1.925+ .038 25.744 .54 
Declining ears.......... | 6.1544 .069 | 6.0 I. 700+ .049 27.6a+ .81 
Rows of kernels on ears: 
ee | 14. 538+ .049 |14.0 1.877+ .035 12.914 .26 
Declining ears.......... | 14.7584 .077 |14.0 I.goo+ .055 12.87+ .36 
CROP OF 1912 
Length of ear, in inches: | 
Seer eee 7.821+0.037| 85| 1.37940. 021 17.63 +0. 29 
Declining ears.......... 8.2944 .033 | 9.0 | I. 31440. 024 15.844 .29 
Circumference of ear, in 
inches: 
PS ere §.998+ .010, 6.0| .467+0.007 7.79% .12 
Declining ears.......... 6.220+ .012 | 6.0] .479+0.009 7.7O+ .15 
Weight of ear, in ounces: 
re ere 8. 255+ .051 | 9.0] 2.135+0. 036 25.86+ .47 
Declining ears.......... 9.430+ .059 | 9.0] 2.218+0. 042 23.51+ .47 
Rows of kernels on ears: 
pT a: 15. 506+ .044 | 14.0] 1.844+0. 031 12.1§t .20 
Declining ears.......... 14. 546+ .048 | 14.0| 1.8450. 034 12.86+ .2 
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TABLE IV.—Type and variability of the erect- and declining-ear strains of Indian 
corn—Continued 
CROP OF 1913 

Character and strain. Mean. ‘ea see’ ane ie oN pene 
Length of ear, in inches: 
re ree 6. 33840.044] 6.5] 1.311+0.031 20. 680. 51 
Declining ears.......... 8. 182+ .034] 85] 1.2774 .024 15. 61+0. 30 
Circumference of ear, in 
inches: 
CSU OUNS, 50:5 566055 5.205+ .016| 5.0] 0. 480+ .or! g. 220. 22 
Declining ears.......... 5.9694 .012 | 6.0] 0.4374 .008 7.3240. 14 
Weight of ear, in ounces: 
PROV OMS. 0. 60 oe evews e's 4.565+ .065| 4.0] 1.543+ .046 33. 8041. 12 
Declining ears.......... 7.6614 .050] 80] 1.7724 .035 23. 130. 49 
Rows of kernels on ears: 
es 13. 380+ .065 | 12.0] 1. 598+ .046 II. 9440. 35 
Declining ears.......... 14. 310+ .169 | 14.0] 1.811+ .119 12. 65+0. gt 
CROP OF 1914 
Length of ear, in inches: 
a, Seer. 7.19740. 038 | 7.5 I. 19840. 027 16. 65+0. 39 
Declining ears.......... 6.849+ .030| 7.5 I. 112+ .022 16. 240. 32 
Circumference of ear, in 
inches: 
ae §-4644+ .017 | 5.25] 0524+ .012 9. 59040. 23 
Declining ears.......... §. 482+ .013 | 5.50] 0454+ .009 8. 281+0. 17 
Weight of ear, in ounces: 
ee ee 6.5674 .057 | 7.0 1.665+ .041 25. 350. 66 
Declining ears.......... 6.145+ .049 | 6.0 I. 555+ -035 25. 310. 61 
Rows of kernels on ears: 
eee 14. 796+ .033 |14.0 1.970+ .023 13. 3140. 16 
Declining ears.......... 15. 100+ . O61 {14.0 1.9364 .043 12. 821+0. 30 
CROP OF IQI5 
Length of ear, in inches: 
BCCU INS... 06.055 00 ois sie’ 7.4550. 030 | 8.0 I. 220+0. 021 16. 3640. 29 
Declining ears.......... 7.212+ .025| 7.5 I.020+ .o18 14. 140. 25 
Circumference of ear, in 
inches: 
a §. 7284+ .o12 | 5.75 | 0.496+ .009 8. 66+0. 15 
Declining ears.......... 5. 856+ .012 | 6.00] 0.481+ .008 8. 220. 15 
Weight of ear, in ounces: 
POON ONE, 5.5.ch's Riva 7.4494 .049 | 8.0 1. 889+ .035 25. 360. 50 
Declining ears.......... 71-3444 .044 | 7.0 1.640+ .031 22. 330. 45 
Rows of kernels on ears: 
ee ere 14.616+ .044 |14.0 1. 768+ .031 12. IO+0. 22 
Wine ee sea 14.930+ . , 2 14. 170. 34 
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TaBLeE IV.—Type and variability of the erect- and declining-ear strains of Indian 
corn—Continued 


CROP OF 1916 











mpir- : : e 
Character and strain. Mean. wn eeeS ee Coefficient of varia- 
mode. ? 
Length of ear, in inches: 
Le Se ee | 6.985+0.041 | 7.0] 1.29040. 029 18. 470. 43 
Declining ears.......... 7.6394 -034] 7-5] 1-141 .024 14. 940. 32 
Circumference of ear, in 
inches: 
NCE GI he os cas caxces 4.892+ .014| 5.0 - 409+ .o10 8. 370. 20 
Declining ears.......... 5-599 .013 | 5.5 - 438+ .009 7. 82+0. 17 
Weight of ear, in ounces: 
Bo rere 5.019+ . 061 5-0] 1.459 .043 29. O71. 25 
Declining ears.......... 6.1784 .048 | 7.0] 1.4174 .034 22. 78+0. 57 
Rows of kernels on ears: 
EWC OBR eas 5 0.odes 0's 15.573 -072| 14.0] 1.6794 .051 II. 520. 35 
Declining ears.......... 15.420+ .059] 16.0] 1.7674 .059 11. 46+0. 27 














HIGH- AND LOW-EAR STRAINS 


Table V gives the means, standard deviations, coefficients of variability, 
and corresponding probable errors for the characters in question of the 
high- and low-ear strains. 


DIFFERENCES IN MEANS 
(Fig. 17 to 20] 


The mean lengths of ears of the low-ear strain exceed in general slightly 
but significantly the mean lengths of ears of the high-ear strain, but 
there are two exceptions in nine years. The mean circumference of ears 
from the low-ear strain exceeds decidedly in each year the mean circum- 
ference of ears of the high-ear strain. The mean weight of ears of the 
low-ear strain exceeds the mean weight of the high-ear strain in seven 
of the nine years. Some of these differences would be regarded as unques- 
tionably significant in the light of their probable errors, but the excess of 
the mean weights of low ears is not so well fixed but that in two seasons 
of the nine the mean weights of high ears exceed slightly those of the 
low ears. In mean number of rows of kernels on ears the low ears exceed 
the high ears in every case. ‘This difference is decidedly significant. 


DIFFERENCES IN VARIABILITY 


[Fig. 21 to 24] 


In length of ears it is doubtful if there is any significant difference in 
variability between the high- and low-ear strains. In circumference of 
ears the low-ear strain shows in general the greater variability. In 
weight of ears it is doubtful whether there is any significant difference 
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Fic. 21.—Graphs showing the standard deviation of the length of the ears of the high- and low-ear strains 
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FG. 22.—Graphs showing the standard deviation of the circumference of the ears of high- and low-ear 


strains of Indian corn. 











Oct. 22,1917 Indirect Effects of Selections in Breeding Indian Corn 





QEVUATIONS (NV OMCES 
S 3 


S7ANOAFO 
&: 





























141 








oO 
4907 


1908 


4909 


49/0 


494 (We 


4H/3 


(9/4 


CW'S 


WWE 


Fic. 23.—Graphs showing the standard deviation of the weight of the ears of high- and low-ear strains of 
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Fic. 24.—Graphs showing the standard deviation of the number of rows of kernels on the ears of high- and 
low-ear strains of Indian corn. 
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in variability between high and low ear strains. 





In the number of 


rows of kernels the standard deviation of the low-ear strain exceeds 
decidedly that of the high-ear strain in each season; but the coefficients 
of variability of the high-ear strain is sometimes greater and sometimes 
less than that of the low strain. 






CROP OF 1907 


TABLE V.—T ype and variability of high- and low-ear strains of Indian corn 


The difference is probably not significant. 















































. : Empir- Standard devia- ient o! ia- 
Character and strain. Mean. t.... Stan —_— sa re: Mics 
Length of ear, in inches: 
RUIOMORIDy 5 os i site nna st | 7.45940. 033 | 8.0] 1.12840. 023 15. 120. 32 
Low ears. ‘ as .| 7.309% .033 | 7-5 | 1.139% . 023 15. 59+ - 34 
Circumference of ear, in 
inches: 
ee eee eae 6.645+ .017 | 6.5 -55i4 .orr 8. 29+ . 18 
Low ears. m .>>| 6.909d: .Of7 | 7.0 - 554% . Orr 7-93 -17 
Weight of ear, jn ounces: | 
PRGA BIID. oo vce dvsness | 10.090+ .081 | 10.0] 2.608+ .057 25.85 .59 
Low ears. | 10.5694 .079 | 12.0] 2.6134 .056 24.72+ .57 
Rows of kernels on ears: | 
ER er Ae rn eee Oe (eee ee OnCe 
Low eafs....... 20.5774 .083 | 20.0] 2. 559+ .059 12.45 .29 
CROP OF 1908 
Length of ear, in inches: 
REO COIR. 665k os cc escdsin 6. 380+0. 039 | 6.5 I. 25140. 027 19. 610. 45 
Low ears. ....] 6.7004 .035 | 6.5 1. 148+ .024 17.13+ .38 
Circumference of ear, in 
inches: 
PE RORB uss sities’ 6. 148+ .018 | 6.25 - 560+ . 013 Q. IIs . at 
Low ears. ‘ ...| 6540+ .020 | 6.5 6544+ . 014 10. 00+ . 22 
Weight of ear, in 1 ounces: 
High ears.............. 6. 980+ . 080 | 6.0 2.3584 .057 33- 78+ . 89 
Low ears. i .oes] J 99S: «680 19.0 2.477+ .056 31. 78+ .79 
Rows of kernels on ears: 
PRION COMB. oss sen 18.09 + .ogt {18.0 2.424+ .064 13. 39+ .37 
BOW CBES.. 60 occ cccecc css) TOGO Be . O88 118..O 2.6504 .062 13-984 . 33 
CROP OF Ig09 
Length of ear, in inches: | 
ES rer | 6. 128220. 030 6.5 I. 042 £0, 022 16. 7640. 35 
Low ears. saon| CO. gad O87 10.5 I.032+ .022 16. 32+ . 36 
Circumference "of ear, in | 
inches: 
Se ee 5.9424 .015 | 5.5 -§29+ . Orr 8. 90+ . 18 
Low ears. : -» | ©. $22. 022 10:25 - 6934 . 015 10, 62+ .23 
Weight of ear, jn ounces: 
i are 6. 432+ .057 | 7.0 1.952 .040 30.354 .69 
Low ears. . : 6. 234+ .070 | 6.0 2.204+ .050 35-07 .88 
Rows of kernels on ears: 
PAIS CRIB. 50.0 vccisiecnes 17. 986+ .076 |18.0 2.258+ .054 12.55+ .31 
Low eafS................| 19.7442 .097 20.0 2. 410+ . 069 12.21+ .35 
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TABLE V.—T ype and variability of high- and low-ear strains of Indian corn—Continued 


CROP OF IgI0 
































Chasettes sad hea a — aa ~~ devia- ees of varia- 
watahe, on. ility. 
Length of ear, in inches: 
po ee eer ee 6.84440.027 | 7.0| 1.064+0. 019 15. 550. 29 
LOW CAPS... ..cccccscoces| Je T§@ .048 | 8.0 -978+ .039 13.67+ .24 
Circumference of ear, in 
inches: 
PRE OMIG:. 6 e506 < bsisieeees 6.543% .013 | 6.5 . 487+ .009 7.444 .14 
BOW COG. cs sicccscasccoe) JoBGe «Ole ] 9:6 - 481+ . 008 6. 76+ .12 
Weight of ear, in ounces: 
Be Cee 8. 516+ .060| 9.0] 2. 281+ .042 26.77+ .53 
Low €€fS........cccceees) 353 - COE | IA.0] 2.495 . 043 26. 03+ .49 
Rows of kernels on ears: 
WOM CINE ciaes's cs.cvewues 18. 422+ .065 | 18.0] 2.342+ .046 12. 71+ .25 
Low eafs................] 19. 5004 .067 | 20.0] 2.546+ .048 13.06+ .25 
CROP OF I9gII 
Length of ear, in inches: 
CCT 6. 0440. 029 | 6.0 1. 088+0. 021 17. 990. 37 
je eee ree 5-991 .024 | 6.0 1.1334 .017 18.914 .30 
Circumference of ear, in 
inches: 
poe are ere 6. 130+ .O15 | 6.25 -5454 .OIr 8.89+ .18 
Le rece cre 6. 317+ .013 | 6.5 - 88+ . 00g 9-31 .15 
Weight of ear, in ounces: 
PEIN OMIGs «5. civiacacesexs 6. 488+ .057 | 6.0 1.892+ .041 29. 16+ .68 
DO , Se ee 5-913+ .045 | 6.0 1. 800+ .032 30.44 .58 
Rows of kernels on ears: 
BEN OOIB Ss 5s cee wenns 17. 308+ .087 |16.0 2.4374 .062 14.08+ . 36 
BAW GUIs 5665 ccccvaner 18. 510+ .074 |18.0 2. 546+ .053 13. 75+ .29 
CROP OF 1912 
Length of ear, in inches: 
Lo fo Seer er 6. 898-0. 031 | 7.5 I. 03540. 022 15. OO+0. 33 
PATON. 6 ne rece 7.3904 .029] 7.5 1.052 .021 14.22+ .29 
Circumference of ear, in 
inches: 
eee 6. 202+ .o14 | 6.5 459+ .o10 7-404 .16 
BO MN on dccwceaudeste 6.7454 .014 | 6.75 510+ .o10 7-564 .16 
Weight of ear, in ounces: 
POM sc ei eek dos. 7. 609+ .062 | 7.0 I. 919+ .044 25.22+ .61 
MAR OME co's + cuace oon 0s 8.4284 .060 | 9.0 2.055 .043 24.384 .55 
Rows of kernels on ears: 
PRN CONN 6 6. 0:5 bs cancers 16. 500+ .071 |16.0 2.1304 .051 12.914 .32 
EW CA cw ccs uicesass 19. 459+ .083 {18.0 2. 766+ .059 14.21% .31 
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CROP, 


OF 1913 


TABLE V.—T ype and variability of high- and low-ear strains of Indian corn—Continued 














Character and strain. 














Length of ear, in inches: 
High ears 
Low ears 

Circumference of ear, 

inches: 





















Rows of kernels on ears: 
High ears 
Low ears 














Mean. 


Empir| 
ical 


mode. | 


| 


tion. 


Standard devia- 


Coefficient of varia- 
tion. 





6. 10740.037| 65| 1 
6. 3624+ .032] 65] 1. 
5: 895+ .017] 6.0 

6.093+ .017]| 6.0 

6.224+ .068 6.0 2 
6.2504 .057| 6.0] I 
17.1g90+ .076| 16.0] 2 
18.854 .089 | 18.0] 2. 








- 1570. 026 
172 .023 
-529+ .0O12 
.660+ .o12 
008+ .048 
-942+ .040 
080+ .054 

76+ .063 


18. 950. 44 
18. 42+ . 37 
8.974 .21 
10. 83+ .21 
32.26+ .84 
31.07+ .69 
12.10 + .32 
13. 663+ .34 
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OF 














Length of ear, in inches: 



































































er re 5. 5810. 035 | 6.5 I. 1490. 025 20. 5880. 46 
Oe Te 6. 410+ .030 | 7.0 1. 183+ .022 18. 456+ .35 
Circumference of ear, in 
inches: 
SUR COIS. 05.65 é siciewiess 5.5044 .017 | 5.75 - 536+ .o12 9. 582+ .22 
WOW COB ccs i citi ness 5-992+ .014 | 6.0 - 540+ .009 g. 012+ .17 
Weight of ear, in ounces: 
co ANA ee 5- 491+ .053 | 5.0 1.605+ .038 29. 230+ . 35 
Oo Ce ee 6. 105+ .047 | 6.5 1.669+ .033 27.338 - 35 
Rows of kernels on ears: 
ares 16. 350+ .075 |16.0 2.098+ .053 12.832+ . 33 
BOW BRIER. oss shiva 18. 992+ .075 |18.0 2. 510+ .053 13. 216+ .28 
CROP OF I915 
Length of ear, in inches 
CL ene 6. 693 £0. 034 | 6.5 I. 1370. 024 16. 990+0. 37 
SIUM ons 0:s09:¥is0-0) 58 7.3254 .032 | 8.0 I.IStt .023 15. 710+ .33 
Circumference of ear, in 
inches: 
eee ere 5-963+ .o15 | 6.0 . 486+ .o11 8. 150+ .18 
ae ee ere 6.7874 .017 | 6.75 . 590+ .o12 8. 690+ .17 
Weight of ear, in ounces 
Re ee eee 6.991+ .063 | 8.0 1.946+ .045 27.840+ .69 
ee ee eee 9. 3414 .065 |10.0 2.1784 .046 23.320+ .53 
Rows of kernels on ears: 
Serer 17-328+ .072 |16.0 2. 280+ .051 13. 150+ .30 
PONT MMER <5: 6-srerpig eset 19.992+ .084 |20. 0 2.8744 .059 14. 380+ .30 
CROP OF 19164 
Length of ear, in inches: 
Se 5- 3990. 039 | 5-5 | I. 1470. 028 21. 240. 54 
Circumference of ear, in | 
inches: 
PU OMB sos ccectecincs 5-178 .014 | 5.25 . 465+ .o10 8.99+ .20 
Weight of ear, in ounces: 
OS POC 4.221+ .058 | 4.0 I. S11 . O41 35-7941. 09 
Rows of kernels on eats: 
ee eee 16. 631+ .0ogo |16. 0 | 2.0754 .063 12. 48+ .39 









@ No data on low ears in 1916. 
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SUMMARY 


THE FOUR STRAINS WITH RESPECT TO CHEMICAL COMPOSITION 


(1) It is found that four distinct types of corn as regards length, 
circumference, weight of ears, and number of rows of kernels on ears 
are so well established that we may assign orders of values to the means 
of these characters that persist with but few exceptions in such changes 
of environment as have been experienced in 11 years of planting, from 
1905 to 1915. 

(2) While a few slight but significant progressive changes have been 
noted, the selections for chemical composition from 1905 to 1915 have 
not changed decidedly the differences in mean values of these characters. 
In fact, we are unable to assert with any high degree of probability that 
the strains differ more or less with respect to these characters during 
the second half of the period 1905 to 1915 than during the first half. 

(3) The standard deviations of the strains do not differ nearly so 
much compared to their probable errors as do the means, and it is not 
in general nearly so easy to discriminate among strains by the differ- 
ences of standard deviations as by the use of means. ‘There is one marked 
exception to this, in that we easily distinguish high-protein and high-oil 
from low-protein and low-oil strains by the differences in the standard 
deviations in weights of ears. 

(4) No progressive change of consequence has taken place in standard 
deviations. 

(5) The coefficients of variability, in comparison to their probable 
errors, differ still less in a given season than the standard deviations, 
and there is no very general tendency for the coefficients of variability 
to maintain a definite order of values. That is to say, the differences 
of coefficients of variability of the four strains seem to be fairly well 
described, with certain exceptions noted in the paper, as random 
fluctuations. 


TWO-EAR STRAINS 


(6) The upper ears have a significantly larger mean value in length, 
weight, and circumference than have the lower ears on the same stalks. 

(7) The means with respect to weight, length, and circumference of 
single ears are in each case larger than the corresponding means for the 
lower ears of the same plot. The means with respect to weight and 
circumference are also in general larger than these means for upper 
ears of the same plot. However, strange as it may appear, the mean 
lengths of single ears are on the whole less than those of upper ears. 

(8) A striking fact in the comparison of the single ears with the upper 
and lower ears is the greater standard deviation in the weight of single 
ears. 





146 Journal of Agricultural Research Vol. XI, No. 4 





ERECT- AND DECLINING-EAR STRAINS 


(9) Taken as a whole, there are no significant differences in these 
two strains with respect to the characters considered. In view of the 
suggestion that ears are declining because of their greater weight, it is a 
fact of special interest that the declining ears are not on the whole 
heavier than erect ears. 


HIGH- AND LOW-EAR STRAINS 


(10) The ears of the low-ear strain are on the whole significantly 
larger in mean length, circumference, and weight than those of the 
high-ear strain, but there are a few exceptions. In each of the eight 
years considered the mean number of rows of kernels on ears is larger 
for the low-ear strain than for the high-ear strain. 

(11) The standard deviation of number of rows of kernels in each 
year is distinctly greater for the low ears than for the high ears, and the 
standard deviation of circumstance of ears is in general larger for the 
low-ear strain than for the high-ear strain. 

















SOME NOTES ON THE DIRECT DETERMINATION 
OF THE HYGROSCOPIC COEFFICIENT ! 


By FREDERICK J. Away, Chief of Division of Soils, Agricultural Experiment 
Station, University of Minnesota, Mi.uaRp A. KLINE, formerly Assistant in Chem- 
istry, Nebraska Agricultural Experiment Station, and Guy R. McDOoLE#, Assistant in 
Soils, Agricultural Experiment Station, University of Minnesota 


INTRODUCTION 


The hygroscopic coefficient expresses the percentage of moisture con- 
tained in a soil which, in a dry condition, has been brought into a satur- 
ated atmosphere, kept at a constant temperature, and allowed to remain 
until approximate equilibrium with this atmosphere has been attained 
(12, p. X; 14, p. 76; 15, p. 196). It has a twofold significance, both 
serving as a single-valued expression of the relative fineness of texture 
(12, p. xi), and, in soil-moisture studies, permitting the approximate 
estimation of the maximum amount of water available for growth and 
for the maintenance of life in the case of ordinary crop plants—the 
difference between the total amount of water and the hygroscopic 
coefficient (3, p. 121). 

The error is sometimes made (20, p. 209) of confusing Mitscherlich’s 
“‘Hygroskopizitat”’ with the hygroscopic coefficient as above defined. 
The former is determined by allowing the exposed soils to come into 
equilibrium with an atmosphere in contact with a 10 per cent sulphuric- 
acid solution (24, p. 56) instead of with water, Mitscherlich holding that 
the determination by Hilgard’s method gives results much too high on 
account of the condensation of moisture on the exposed samples (24, 
p. 156). The values obtained by his method are much lower than the 
hygroscopic coefficients, although either will serve to indicate the rela- 
tive hygroscopicity and fineness of texture of the samples, as may also 
the much simpler determination of the hygroscopic moisture contained 
in air-dried soils exposed freely side by side to the air of an ordinary 
room for some time (4, p. 351), or that of the moisture equivalent 
(7, p- 140). 

The term ‘hygroscopic coefficient’? was introduced by Hilgard in 
1874 (13, p. 9), but as early as 1859 he had developed the method for its 
determination which he continued to use for more than 50 years, referring 
to the value, previous to the date mentioned, as the hygroscopic moist- 





1 The work reported in this paper was carried out in 1910 to 1913 at the Nebraska Agricultural Experiment 
Station, where the authors were, respectively, Chemist, Assistant in Chemistry, and Research Assistant 
in Chemistry. 

2Reference is made by number to “ Literature cited,” p. 165-166. 
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ure absorbed at x° C.,x being the temperature at which the absorption 
boxes had been exposed. The conception of making such a determina- 
tion did not originate with Hilgard, but with Schiibler as early as 1830. 
The method (27, p. 80) of the latter, however, did not insure the absorp- 
tion of the maximum amount of moisture, too thick a layer of soil being 
exposed. Hilgard’s method is a refinement of that of Schiibler, provid- 
ing for a higher humidity of the atmosphere, a shallower layer of soil, 
thus permitting a more rapid saturation, and lastly the avoidance of 
fluctuations in temperature, which cause a precipitation of dew upon 
the soil. 

The hygroscopic coefficient of soils has been but rarely determined 
during the past 40 years, although during the previous four or five 
decades it had received considerable recognition. In the early days of 
soil investigation undue importance was attached to the relative absorb- 
ent powers of soils with respect to atmospheric moisture, it being sup- 
posed that it served to some extent as an index of fertility. Thus, 
Davy (9, p. 184) states: 

I have compared the absorbent power of many soils with respect to atmospheric 
moisture, and I have always found it greatest in the most fertile soils; so that it affords 
one method of judging of the productiveness of land. 

He also considered that in the case of soils with a high hygroscopic 

coefficient plants were supplied with moisture in periods of drouth, the 
hygroscopic power of the soil enabling it to render the water of the atmos- 
phere available to the plants (9, p. 183). Schtibler accepted the second 
of Davy’s views but not the first, mentioning (27, p. 82) that he had 
found that a 
pure, infertile clay absorbs in 12 hours . . . more than the very fertile garden 
soil.—Translation. 
Liebig (17. p. 48) also accepted Davy’s view as to the value of the moist- 
ure absorbed from the air, and it continued to be indorsed by the fore- 
most investigators until 1875, when the work of Sachs, Wilhelm, Reisler, 
Heinrich, and Mayer finally proved the falsity of it. The reaction from 
the old view carried to the opposite extreme, and it became almost 
universally accepted that a knowledge of the hygroscopic power of 
different soils is practically valueless. Apparently the question of the 
usefulness of a knowledge of the relative hygroscopicity of a soil was 
confused with the distinct question of the usefulness to plants of the 
hygroscopic moisture. Mayer appears largely responsible for this con- 
fusion. In 1871 (21, p. 130) be fully indorsed the older view: 

The absorptive power of the soil for water... is under all circumstances a useful 
soil property, as it becomes active only when there is an actual scarcity of water in the 
soil and so acts as a regulator... The water thus condensed in porous solid bodies 


conducts itself exactly like other capillary held water and can, for example, when a 
field soil has in this way condensed water, be taken up by a plant’s roots just like that 
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which has entered the small interstices of the soil from the rain or by watering.— 
Translation. 

Four years later, having completed his proof of the falsity of this view, 
he strongly discouraged determining the hygroscopicity of soils on the 
ground that it would cause confusion if very hygroscopic soils were 
indicated as retentive of an especially high percentage of water in a non- 
available form, when this was not an actual disadvantage, for the reason - 
that the most hygroscopic soils were the very ones that were able to hold 
the largest amounts of total water (22, p. 248): 

By a remarkable coincidence the most strongly condensing soils usually are those 
with the highest water capacity and it would probably only cause confusion if we 
were to mark these soils with a blemish in regard to the supply of water on account of 
a not very productive correction.—Translation. 

However, he still clearly recognized that the amount of water remain- 
ing in a soil on the wilting of a plant was closely related to the maximum 
amount of moisture which the soil was able to absorb from a nearly satu- 
rated atmosphere. 

During the last quarter of the nineteenth century Hilgard and Lough- 
ridge appear to have been the only investigators who continued to attach 
any importance to the determination of the hygroscopic coefficient in 
connection with soil-moisture studies. The general attitude of soil inves- 
tigators during that period is well illustrated by the numerous publica- 
tions of one of the foremost, the late Dr. F. H. King, in which the deter- 
mination, the importance, and the use of the hygroscopic coefficient are 
ignored. 

At the beginning of the present century Mitscherlich began to call 
attention to the importance of the relative hygroscopicity of soils (23) 
to which he attached extreme importance. In Europe the importance 
of a knowledge of the hygroscopicity of soils is still practically ignored 
except by Mitscherlich and by Hall (11, p. 84-88). 

Naturally, under such circumstances, the particular method developed 
by Hilgard received little critical consideration. It appears that no one 
except himself had investigated the method with the object of determin- 
ing the experimental errors involved, previous to our beginning the use 
of it on an extensive scale for the interpretation of field-moisture data. 
We had originally no intention of studying the method itself, and our 
observations have resulted from difficulties encountered in its use, part 
of them due to attempts to expedite the determination without lessening 
its accuracy. 

Lipman and Sharp (18), while associated with Hilgard, studied the 
effect of a rise or fall of the temperature and also of the thickness of the 
exposed layer of soil upon the amount of hygroscopic moisture absorbed. 

Briggs and Shantz (8, p. 64) studying the relationship between the 
moisture equivalent and the hygroscopic coefficient found that the deter- 
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mination of the latter “unless carried out with special precautions, is not 
very exact.” 


HILGARD’S METHOD 


Details of this were published earliest by Loughridge (19), who had been 
a student under Hilgard at the University of Mississippi. Later (14, 
p. 76) it was described by the latter as follows: 

The fine earth is exposed to an atmosphere saturated with moisture for about twelve 
hours at the ordinary temperature (60° F.) of the cellar in which the box should be 
kept. For this it is sifted in a layer of about 1 mm. thickness upon glazed paper, on 
a wooden table in a small water-tight covered box (12 by 9 by 8 inches) in which there 
is about an inch of water; the interior sides and cover of the box should be lined with 
blotting paper, kept saturated with water, to insure the saturation of the air. . . . 

After eight totwelve hours the earth is transferred as quickly as possible, in the cellar, 
to a weighed drying-tube and weighed. The tube is then placed in a paraffin bath, the 
temperature gradually raised to 200° C. and kept there 20 to 30 minutes (rapidity of 
raising temperature depending upon the amount of moisture in the soil), a current 
of dry air passing continually through the tube. It is then weighed again, and the 
loss in weight gives the hygroscopic moisture in saturated air. 


Some time later, to avoid the decomposition of the organic matter of 
surface soils, Hilgard modified the method to the extent of using an air 
bath, raising the temperature to only 110° C, keeping the sample in for 
an hour, weighing, drying again, and continuing the process until a prac- 
tically constant weight was obtained.! 

Under ‘‘fine earth’? was included the material finer than 0.5 mm. 
resulting from the sample being reduced by a rubber pestle, instead of by 
one of steel or porcelain, to prevent any crushing of soil particles. He 
sometimes digested clayey soils with distilled water until fully disin- 
tegrated, after which the muddy water was evaporated with the soil 
slush and the whole thoroughly mixed. As the determination of the 
hygroscopic coefficient was, with Hilgard, almost always incidental to a 
chemical or physical analysis of the soil, this rather tedious preliminary 
preparation of the sample was no serious matter in view of the great 
amount of time and labor involved in the detailed analyses to follow. 

Hilgard studied the effect of differences in temperature upon the amount 
of moisture absorbed by a soil and found that it increased with the tem- 
perature, provided that the saturation of the air was maintained. In 
this view he was not confirmed by the work of Knop (16), Schloesing 
(26), Ammon (6), and Von Dobeneck (10), who found a lower absorption 
at higher temperatures. He attributed their findings to their failure to 
provide for the saturation of the air inclosed within the absorption 
vessel. 

More recently Patten and Gallagher (25, p. 31-35) have reported some 
data confirming the view of Knop, etc., but, as Lipman and Sharp have 
pointed out (18, p. 716), their description of their methods makes it evident 





1Hmcarp, E. W. METHODS OF PHYSICAL AND CHEMICAL SOU, ANALYSIS. Cal. Agr. Exp. Sta. Circ. 6, 
Pp. 17. 1903. 
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that the conditions of their experiments were not such as to insure that 
the exposed soils became saturated with hygroscopic moisture. The 
work of Patten and Gallagher (25), confirming that of the earlier investi- 
gators mentioned, has unfortunately had the effect of leading to the gen- 
erally accepted view that, in his conclusions, Hilgard was in error (20, 
P. 367). 

WORK OF LIPMAN AND SHARP 

As a reply to the criticisms of Patten and Gallagher, Lipman and Sharp 
(18) report a study of the effect of the thickness of the layer of exposed 
soil and of the temperature of exposure, using boxes 12 by 18 by 19 
inches, similar to those employed by Hilgard in his later work (15, p. 198), 
but longer and wider than those mentioned in the above quotation (14, 
p. 76). They also used glazed paper placed on wooden tables with the 
tops only 1 inch above the surface of the water. They compared three 
depths (1.5, 4, and 8.5 mm.) of an adobe soil exposed for various intervals, 
ranging from 1.5 to 455 hours, and at temperatures from 12° to 34.75 °C. 
With two other soils the periods of exposure were quite similar, but the 
range in temperature was less, while the thickness of the soil layer did not 
exceed 2 mm. 

Lipman and Sharp found in general that a greater amount of moisture 
was absorbed at the higher temperatures, and emphasize the necessity of 
using very thin layers of soil, having found about 1 mm. the best. They 
conclude that 8 to 10 hours’ exposure of air-dried soils is sufficient when 
the depth of the layer is only 1 mm. and the boxes are of the dimensions 
they used. They call attention to the difficulty of securing the saturation 
of the air at any considerable distance from the water surface. 

These authors mention that duplicate samples agreed remarkably 
well. However, if they were run side by side, this agreement, as pointed 
out below, does not serve as evidence of the accuracy of the determination. 


EXPERIMENTAL WORK 


Two of us had previously (1, p. 590; 2; 5, p. 277-281) employed the 
method on a very limited scale, using an improvised place for the absorp- 
tion boxes. We found the loose sheets of glazed paper so inconvenient 
that we introduced a modification that greatly facilitated the work, 
substituting light pasteboard trays 7 inches long, 5 inches wide, and 0.75 
inch high, lined with glazed paper. On starting the determinations at 
the University of Nebraska we again used this modification, having had 
a large supply of the pasteboard trays lined with the glazed paper manu- 
factured by a local box company. As these one by one became somewhat 
limp from exposure to the damp atmosphere maintained in the absorp- 
tion boxes, they were discarded and new ones substituted. 

We used wooden boxes of the dimensions given by Hilgard, lining both 
the boxes and the covers with blotting paper as specified. To prevent 
the warping of the sides and cover, it was found desirable first thoroughly 
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to paraffin these. To prevent leakage of water a galvanized-iron tray, 
3 to 4 inches high and made to fit snugly, was placed in the bottom of the 
wooden box, the blotting: paper extending from the top of the sides of the 
wooden box to the bottom of the metal tray. By means of metal sup- 
ports a wooden table was held in position 1 to 2 inches above the surface 
of the water and from 0.5 to 1 inch from each paper-lined side of the box. 
In the later determinations a table of galvanized-wire screen was substi- 
tuted, as it occupied less space. 

To provide a constant temperature room, we inclosed with alternate 
layers of building paper and boards a portion of the cellar of the Experi- 
ment Station building that was windowless and not in contact with any 
outside wall. An electric light on the outside of a double window fur- 
nished the necessary illumination without heating the room. ‘The oper- 
ator opened and closed the door as quickly as possible on entering the 
room daily to change the soil in the trays. A maximum and minimum 
thermometer was hung in the room, and the daily readings were recorded. 
Later a recording hygrometer was added. No sudden changes in tem- 
perature or humidity were observed. 

We employed 24 absorption boxes, which were placed on low shelves 
against the heavy inside brick wall. From the first we had exposed sam- 
ples of two control soils in different absorption boxes. At first the ob- 
ject of this was to find the variation in the coefficient of the same soil from 
day to day, but later to indicate whether any abnormal conditions had 
prevailed in the room, the boxes, or the drying oven. Of the two control 
soils used on the same day the one was a subsoil with a coefficient of 
about 5 to 6, while the other was a finer-textured soil or subsoil with a 
coefficient between 10 and 22. The two control soils were exposed, each 
in duplicate, from day to day along with a large number of the samples 
under investigation, the latter also being in duplicate. The time of ex- 
posure varied from 15 to 16 hours, the boxes being filled at 4 or 5 o’clock 
in the afternoon and opened shortly after 8 o’clock on the following morn- 
ing. The results both with the duplicates exposed on the same day and 
with the controls from day to day were so concordant that the method 
was accepted as reliable, and some 2,000 determinations were thus made. 
We did not suspect the unreliability of the results until, through force 
of circumstances, one set had to be left in the boxes for 48 hours. On 
drying these samples it was found that the two control soils had ab- 
sorbed much more moisture than on any previous occasion. We then 
investigated the cause of this and finally discarded all the data and made 
new determinations. It was while trying to devise such modifications of 
the method described by Hilgard as would permit the large number of 
determinations in connection with our field moisture studies being made 
as rapidly as possible without lessening the accuracy that we secured the 
data reported below on the influence of the material of the trays, the 
effect of the temperature, previous drying, etc. 
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RAPID LOSS OF HYGROSCOPIC MOISTURE 


When soils carrying the maximum amount of hygroscopic moisture— 
that is, an amount equal to the hygroscopic coefficient—are exposed to an 
ordinarily dry air, they lose water at first as rapidly as though placed in a 
desiccator containing sulphuric acid. This makes it important that the 
transfer of the exposed soil from the trays to the weighing bottles should 
be made as rapidly as possible. 

Fifty-gm. portions of two soils, A and B, which had previously been 
exposed in hygroscopic boxes until the moisture content was approxi- 
mately equal to the hygroscopic coefficient were placed in each of 10 
weighing bottles. The depth of soil was about 5 cm. Five bottles of 
each were placed in a desiccator containing concentrated sulphuric acid, 
while the other five were exposed on a shelf in the laboratory. All were 
weighed at intervals until those of the latter set ceased to lose weight, 
four weeks being necessary. Those in the desiccators were exposed 
nearly five months longer, and at the end of this time they were almost 
oven-dry. The changes in the case of the individual members of each. of 
the four sets were so similar that only the averages need be reported 
(Table I). In a similar desiccator containing sulphuric acid and in 
weighing bottles of the same kind we exposed distilled water. The loss 
of water between February 12 and March 19 amounted to about 45 gm., 
or go per cent of the weight of soil A contained in similar weighing bottles. 


TABLE I.—Percentage of water in 50-gm. portions of soils exposed to the air of the labor- 
atory compared with that in a desiccator with sulphuric acid 














| | 
| Soil A. Soil B. 
| | 
Date. | ine pe GOR 
| Exposed In desic- Exposed In desic- 
| to air. cator. to air. cator. 
| 
Feb. 12 5. 26 5. 26 | II. 00 II. 00 
i eee OC er Creer eer er 2.27 2. 45 | 6. 18 6. 70 
DSA CR Atos ETRE CERO et EES CTE Ce 1. 60 I. 30 | 4. 07 4. O4 
MR Bette ned occas hicdithe- ane uetaiens I. 79 - 96 | 4.09 2.95 
Weg suviaterces Fur aceba pies eueeenwnees 1. 82 61 4.17 I. OI 
RM oy dice si ouins Kevin Cha caeae vowel ce ctne eames Pe | er eae I. 49 
Mis ire cbs Kea Wee ikee MEbidvecuedt «ee chm carne ees ROP sss eRe I. 35 
WN OB asso cicnc pc dgsvewsnioMntes eee tawnsle ewer ume ee | Pere eee . 88 
POMS CO ai cehcss casene Pera pueh i cule ces «atEEeE Reco .12 depp - 43 














At the end of two weeks both soils appeared to have reached equi- 
librium with the air of the laboratory. 

In the case of the absorption boxes and trays, an operator, after a 
little practice, will be able to open a box, transfer the samples from 
the two trays to weighing bottles, and stopper these within the space of 
30 seconds. 
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In the case of each of three soils, we exposed two trays of the soil in 
each of three absorption boxes. From each box we transferred one 
sample to a weighing bottle as quickly as possible, this requiring from 23 
to 30 seconds. The other was transferred from a tray to a weighing 
bottle and back again three times, so as to consume 150 seconds in the 
operation. With each soil an appreciable loss of moisture is observable 
(Table II), but this is so small and the time purposely consumed in the 
one case so much longer than would be needed by any operator that it 
appears that no serious error from this source need be feared if the operator 
simply makes the transfer as speedily as he can. 


TABLE II.—Influence of speed of transfer of soil from tray to weighing bottleupon amount 
of hygroscopic moisture found 





Hygroscopic moisture. 





| 
| Transferred Transferred 
| once, three times, 
| requiring 20 consuming 

| to 30seconds. | 150 seconds. 


| 
| 











SUITABILITY OF TRAYS OF VARIOUS MATERIALS 


Using four control soils, A, C, F, and G, we compared trays of aluminum, 
copper, zinc, tin plate, glass, vulcanized rubber, granite ware, and those 
of pasteboard described above. Part of the last had been saturated with 
paraffin before being lined with glazed paper. In some, paraffined paste- 
board formed the sides, but the bottom was cut out, thus making a por- 
tion of the glazed paper lining the bottom of the tray. The metal trays 
were 7 inches long, 5 inches wide, and 0.75 inch deep. The trays of glass, 
granite ware, and vulcanized rubber were photographers’ trays, having 
almost the same dimensions as the preceding. To distribute the thin 
layer of dry soil in the trays, an aluminum salt shaker was found very 
convenient. 

In order to determine the approximate maximum amount of moisture 
that was likely to condense on the layers of soil independent of its internal 
surface, we exposed coarse quartz sand of 0.5 to 1 mm. diameter in 
duplicate in all-the different kinds of trays, both for 16- and for 38-hour 
periods. The amount of absorbed moisture was independent of both the 
kind of tray and the time of exposure, varying from 0.02 to 0.14 per 
cent, with an average of 0.06, an amount quite negligible in connection 
with soil-moisture studies. 
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TABLE III.—Comparison of trays of different materials in the determination of the 
hygroscopic coefficient 





Hygroscopic coefficients found after— 





48 
hours’ 
ex- 
posure. 


Material of tray. 24 hours’ exposure. 





| | 
Soil C. | Soil A. | Soil F. | Soil G. 





Pasteboard lined with glazed paper 

Paraffined pasteboard lined with glazed paper .... 
Paraffined pasteboard sides, but no bottom, lined 
Pe... glazed paper 


RN) ) FTO. BOA. SI Ae 


NNUMNAAAH 














The data reported in Table III show that any of the materials men- 
tioned, except the pasteboard, may safely be used. Even the trays with 
paraffined pasteboard sides, but with only a glazed paper bottom, appear 
allowable. The low amount of moisture absorbed by the soils when 
placed on glazed paper in the pasteboard trays with pasteboard bottoms 
is probably due to the competition of the pasteboard, which, itself, is 
hygroscopic and absorbs moisture from a saturated atmosphere. The 
somewhat low results obtained with the glazed paper used in paraffined 
pasteboard trays may be due to the competition of the lower unglazed 
surface of the glazed paper, which, when placed directly upon the table 
in the absorption box is able to absorb moisture from the air reaching it 
from below. 

That the saturation with hygroscopic moisture is practically com- 
plete at the end of 24 hours with all the trays except those of pasteboard 
is to be seen from the failure of the soil G to absorb additional moisture 
during the second 24 hours. All the samples of this soil were placed in the 
hygroscopic boxes at the same time, but part were removed at the end 
of the first 24 hours. During the first day the temperature in the hygro- 
scopic room fell from 17° to 16° C. and during the next day from 16° to 
Fg os 

The trays of tin plate readily rusted, and those of zinc soon corroded 
to such an extent that the soil adhered. On the whole, those of alu- 
minum or copper were found the most satisfactory, and in our later 
work we used trays made of the former metal, with the dimensions 
given above. 

7768°—17——5 
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INFLUENCE OF TIME OF EXPOSURE 


In handling a large number of absorption boxes 8 hours’ actual 
exposure necessitates a working day in the laboratory of about 10 hours, 
on account of the additional time required in the morning to place the 
samples in the trays and in the afternoon to transfer them to weighing 
bottles. Twelve hours, the maximum exposure used by Hilgard, also 
is inconvenient, as usually it will necessitate an extra trip to the labora- 
tory. We tried various intervals. The soils exposed on the metal 
trays, unlike those on the glazed paper used by Hilgard, in most cases 
continued to gain in weight during the first 18 hours, thus rendering 
both the 8- and 12- hour exposures too brief. As, under our conditions, 
from 22 to 24 hours was the most convenient interval, we compared 
this with longer exposures. Except in the case of very fine textured 
soils like I, after the first 20 hours there was generally no important 
increase in weight (Table IV). As under our working conditions it 
was not possible to maintain the temperature constant during long 
periods, this increase with such very hygroscopic soils may have been 
caused by dew formation resulting from a depression of the tempera- 
ture after the atmosphere had become saturated. In some prolonged 
exposures there was a slight decrease in weight during the later portion 
of the period. 


TABLE IV.—I nfluence of the length of the time of exposure upon the amount of moisture 
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INFLUENCE OF TEMPERATURE 


The variation in the temperature of the room in which the absorption 
boxes were kept was so little that from April 27 to October 1, 1911, the 
thermometer readings lay between 22° and 24° C. so much of the time 
that the data from days with either lower or higher temperatures are too 
few to be of service in the present connection. The same applies to the 
interval extending from January 4 to April 22, 1913, when the tempera- 
tures on nearly every day were between 17° and 20° C. 
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In the case of one of the control soils, I, the values shown in Table V 
were obtained by 24 hours’ exposure at different temperatures. Another 
control soil, A, was used in both summer and winter. Higher values 
(Table VI) were found during the warmer weather. When any distinct 
change was caused by an elevation of the temperature, it appeared in all 
cases to be an increase rather than a decrease in the amount of moisture 
absorbed. This is in accordance with the conclusions of Hilgard and of 
Lipman and Sharp. 
TABLE V.—I/nfluence of the temperature upon the amount of moisture absorbed by Soil I 

















| Temperature. Hygroscopic coefficient. 
Date. | r | am ; a ie o- 
| yer: | Deter- eter- | Deter- ter- | 
| — | food | mina- | mina- | mina- F mina- | =| vee 
| tion 1. | tion 2. | tion 3. | tion 4 | ge. 
se ee 
pS eee ce teers tee ee 21.5 | 21 | 24.0 | 22.3 | 24.7 | 28.3 24.1 
Le ere Creer ee ere 16.0}... 35 | 207 | 204] 202 ]...... 20. 4 
POR GME Disk inceces cue bee. chs i145) 32: | 107 | 19. 6 | wenskes ent | 19.6 








Tas E VI.—Concordance of values found on successive days for the hygroscopic coefficients 
g control soils 
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EFFECT OF GREAT FLUCTUATIONS IN THE TEMPERATURE OF THE ROOM 


To obtain some idea as to how great a fluctuation in temperature is 
permissible we exposed soil F for 17 hours simultaneously in a labora- 
tory and in a greenhouse as well as in the basement room used regularly 
for such work. In the plant house where the range of temperature was 
greatest the amount of moisture absorbed (Table VII) was the highest. 
In the laboratory where the temperature was much higher during the 
day than during the night the amount of moisture absorbed was lower 
than in the constant temperature room. 


TABLE VI1.—Influence of variations in the temperature of the room of exposure upon 
the amount of moisture absorbed 





Hygroscopic coefficient. 





Determination. In constant! 
temperature In laboratory In plant h house 
room (11° (9° to 16° C.). (23° to 29° C.). 
to 11°C.). 
Dacre tise Knanmarnmnene-tayirbelsininacnn 17.4 | 16. 5 19. 7 
_ ELET REE ER ee ee 17.0 | 16. § 20. I 
' 











EFFECT OF OVEN DRYING 


In field moisture studies it is usually much more convenient to deter- 
mine the total moisture content of the sample and then to use a portion 
of this dried material for the determination of the hygroscopic coefficient 
than to air dry a portion of the original sample. If the previous drying 
should appreciably alter the value of the coefficient, it would become 
necessary to air dry a separate portion of the sample. 

With four subsoils (Table VIII) we determined the coefficient, using 
the air-dried form of each. as well as portions dried at 100°, 110°, 150°, 
and 175°C. ‘ 


TABLE VIII.—Effect of drying soils at different temperatures previous to their exposure 
in the absorption boxes 





























Hygroscopic coefficient. 
_ ok tat | Dried ali Dried | tel 
: . ried at riec at ried at ried at 
Airdried. 100° C. 110° C, | 150° C. 175°C 
perenne a —_— 
| ROA CEO ee Oey ee ee cs vie cise niche oes cise | 0.7 0.7 
SRG a OIE Ne CRONE ree ee 5.6 *.¢ 5.2 | 5-2 5.4 
| NEA ree meer penne i ycrt 12.0 11.6 11.7 | ee eee 
WP Oe Pots Tee Ca 8 Gear are 21.3 
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The above would indicate that in the case of a mineral subsoil a tem- 
perature as high as 175° C. may be permissible. If the subsoil should 
be one containing any considerable amount of organic matter, such a 
temperature should not be employed, but one of 105° to 110° C. we 
found to have no distinct influence upon the values found for silt-loam 
surface soils containing 2 per cent of organic carbon. We made no 
experiments with peat soils or with mineral soils very rich in organic 


matter. 
EFFECT OF GRINDING 


As many fine-textured samples when first removed from the drying 
oven are so bricklike that it is difficult to reduce them with a rubber pes- 
tle so that they will pass a 1-mm. sieve it is desirable to know whether 
the hygroscopicity is appreciably increased by freely grinding them in 
a steel mortar until they will pass through such a sieve. The samples 
we used were four control soils, three of which, unless they had first 
been moistened and then oven-dried, needed no grinding to pass a 1-mm. 
sieve, while the fourth did not need it even then. A portion of each 
was ground in a steel mortar until it passed through a silk bolting cloth 
with openings of 0.25 mm. (Table IX). 


TABLE IX.—Influence of grinding upon the amount of moisture absorbed 








Hygroscopic coefficient. 


Soil. 








oe Finely ground 
Cnereun). | (below o.25 
mm.). 
SE A ure aR Lee reeh emai kai eemaiAOH wel cere:cie s weeake ew rn aan 0.8 1.4 
Bk we. M03 Fea hie ce az ss SA eee 5.8 5.7 
i. SR ee fete grees A ee oe eer eee rae OMe ea en mt Menar ge Con ye 10. 9 10. § 
AGEs eb Cr akigu Stas here t ek ered wewen-e ice cee ataruneeneee 22.0 21.7 
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Only in the case of the very coarse-textured soil, C, which in practice 
would not need grinding, did we find any increase in the hygroscopicity. 
If a ball mill were employed, the reduction in size of particles might 
easily be so great as to affect seriously the value found. 

It would appear that the dried samples, if very hard, may safely be 
reduced in a steel mortar until they pass a 1-mm. sieve. 


INFLUENCE OF SIZE OF ABSORPTION BOXES AND THE NUMBER OF TABLES 


With two soils, H and §S, larger absorption boxes were also tried, 
these being lined with blotting paper as with the smaller ones. We used 
one 23.25 inches long, 16 inches wide, and 6.25 inches high, and another 
12 inches square and 30 inches high, these being the inside dimensions. 
In the first an exposure of about 72 hours was necessary te bring the 
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absorbed moisture to as high a point as was found in the smaller boxes 
at the end of 24 hours, while in the second even this was not a sufficiently 
long exposure. 

In the small absorption boxes we also tried using two tables, one placed 
1 to 2 inches above the surface of the water and the other 2 inches still 
higher. In this manner four trays, two on each table, could be placed 
in a single absorption box. In all cases the results were unsatisfactory, 
the soil in the trays on the lower table absorbing less moisture than those 
on the upper. 


CONCORDANCE OF DETERMINATIONS IN PRACTICE 


An illustration of the variation in the values found for a particular 
soil from day to day is afforded by a series of 30 samples of loess soils 
used in cylinder experiments (3, p. 78-115). On four consecutive days 
a single determination was made on each (Table X), using as controls 
two soils, H and K, with coefficients of 6.1 and 14.2, respectively. Three 
trays with the former and two with the latter were exposed each day. 
It will be observed that the values obtained for the different samples 
rose and fell together day by day and that the control soils indicate 
both the direction and in general the magnitude of this fluctuation. 
Both controls showed the highest values on the second day and the next 
highest on the first, while on both the third and the fourth they were 
slightly lower than on either of the previous days. Of the 30 other soils 
28 showed the highest values on the second day, 25 the next highest on 
the first, while 22 were third highest on the third day, and 14 on the 
fourth day. As the values obtained for the controls on the last two days 
were nearest those commonly found, we used the averages of the values 
found on these two days for the 30 other soils in estimating the amount 
of free water (3, p. 97). 
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TABLE X.—Concordance of determinations of the hygroscopic coefficient on successive days 



































Hygroscopic coefficient. 
| 
Source (Nebraska). Depth. A 
| 1st day. 2d day. | 3d day. | 4thday. a 
Feet. 
WINS eisai ek ne Pct Ptooeewepie I| 100] 103] 9.4] 9.0 9. 6 
De... 2|104|107] 9.5] 95] I00 
Oy 6: 3| 103] 109] 100) 97] 102 
ME Secu s palin Meee eens Gana elceoen | 4| 10.3] 107] 102] 100] 103 
|. RPE reretincestae 8 Ry aarerreenye ere ree §| 9.7] 102] 95] 9.4 9-7 
is Ae ar rere errr eater eRe he 6/ 8&7] 90; &8)| &5 8.7 
WEE i Dig vrnlc Say Hiss oe hacia ore Rea eee tr} 971/105!] 95] 9.3 9-7 
ME Se deco vs ROU Re ae ae ee 2) 11.0] 119] 1112] 108] 11.2 
i) ERAGE CRP ace Vor iat foe Mean gr 3!101]109| 9.81 9.5] I01 
Bebe ra Lagi Keks Cotte ens Henl extents cae 41 9.4] 9.6] 9.0] 9.0 Q. 2 
DR due Bie eed VAN CRa a neha pew des 5| 94] 96] 88] 8&7 9. I 
Beck sds couch CassisinewWEMee CanUe ease ae 6} 94] 93] 86| 8&2 8.8 
Holdrege......... 1] 107] 11.§| 10.0] 10.3] 10.6 
1 Me ee See, UG AW ae ence Ba ee a| 12.2) 33.9 | 12.7) 23.97) 189 
MEDC br Surcevce xe meee Tene eae Me RET Ose ter 3 | 12.2] 13.8] 12.0] 11.9] 12.5 
MN alike Gnitalse aclu tote OR Mee eee 4| 11.1] 12.0] 106] 106] 110 
1 EEE eR ENE CEE eT Py ree ye: 5§| too] m1}] 98] 9.6] 1012 
PN detainee oialan SORRELL ENS ne oa pe hele 6/100] 108] 95] 9.6 9-9 
jo SERRE eer eer acr rence erie. I] 11.1] 12.0] 11.0] 104] IL 
LRP AC Cee ee ley cree | 2| 13.7 | 15.0] 23.2 | 13.2] 13.97 
BOE ce ssidoecviedec cineca tuxske aetna | 3] 12.5] 13.0] 12.0 | 11.5] 12.2 
LD) PRO Meee Ee eee 4| 11.6] 12.9] 11.6] 11.5] 11.9 
ME ES sud Uh cea dhataue ny Ce etia dur cde ciean § | 107] 11.9] 10.7 |rrno} rt 
BNE os sss cvtearcrammak toscana ed acme awed 6 | 10.9] 11.7 | 10.3 | 10. 7} 10.9 
ING Si tires bivndnienn ee hemi bwanesaes I | 12.3] 12.7] 12.3 | 12.0] 12.3 
RR isicb is Cetavclavedecach Laviaceeege ta: 2| 15.5 ]:166] 15.31 25.91 t¢9 
BM oe na Cukecn clceee kas hee dcel cantante 3 | 15-3 | 16.0] 14.6/ 14.6] 15.1 
| EAD Bi et OAT Pane ee seer eT 4} 35.2] 35.2 | 13.2 | 13.3] 14.2 
MM so svicdsuvatingoe says dun mak ences wees 5 | 14.5] 14.7 | 131/132] 13.8 
VRE CCT Lr eee eee es eet ee 6 | 15.0] 15.2 | 13.6] 13.5 | 14.3 
Control H, determination 2. ..............00efe sees Qt Rel Qs) Qee..... 
Control H, determination 2.................J...... G21 G2} G8i @et...... 
Control H, determination 3.................J...... Gast Gel GH Get...... 
COMtrOl Th:; CUCREMIEEIOM Be). o oie. is ce coco tfe ase es 54.61 16 6:} 16281 26S... 
Control K, determination 2................./...... 14.8] 15.0] 14.0 | 14.2 
Maximum temperature................°C..]...... 23 24 a2 | 33 
Minimum temperature ............... bi eae] tHe 22 23 ae. oe Soe 
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TaBLE XI.—Concordance of single determination of the pende coefficient made on 


























different days with the average of 10 previous determinations 
Hygroscopic coefficient. 
Departure of individual 
Aver. average ol ro previews 
Individual Haya 
Source (Nebraska). Depth. — Picea. ll determinations. 
vious 
deter- 
muna- 
tions, |1stday. | adday. | 3d day.| Det. 1. | Det. 2. | Det. 3. 
Foat. 

NOR s.< icdgsecrmaeaasieoee I} g92]10r] 86] 92) Lol—o5 oI 
BOG ss shane eso sen 2| 9.6] 102] or] 93 6]— .§|— .3 
BO ai 's9;s So ob iw eae en Bins Sh OFA TAS C4) oO -8i— .3]/—.5 
BD issu curs big ci Sees Rs 41601702} @&F] oO °31/—- -8|—.7 
BD 6 sp samies cs oon tiaed 5} 90]100/].85] &2] rnolj—.5|—.8 
EE eee tree ee 6) 8&3] 83] &1)] 78] aooj—.2]}—.5 

(Sete errr Ij} 100|/104] 98] 95; ao4|/—-.2]—.5§ 
_ CSR errs ores 2] 109] 9.6] 11.0] 100|—.3/—.1] — .9 
| a een eee S1207-11L21 664 OF -4|/— 8] — .8 
rere es wee 4| 971103] 99] 9.0 .6 21-7 
| Eres Si orl O21 So] SG IT l— .4] —.-§ 
Snr oa 0} oF) O81 Ss.) &7 -21— .6] — .4 

NR rs ere I] 101]109] 11.0] 8&0 8 -9| —22r 
ore re 2] 112 | 11.8 | 12.0] 11.9 |—.1 -8 0.7 
DO... 3 | 11.3] 11.0] 12.0 | 14.0 |— .3 “7 27 
BUD ay etn Saves op: ateigisa's/s Saye 4| 102] 11.2] 10.5 | 10.3 -9 3 I 
Raters, cn xt kp sib overnite oeie 5] 9-6] 103] 9.6] 9.6 a .0 -0 
ER yee 01647731 .041 B34 -9 -O}] —1.1 

Hastings........ I} 9.6] 10.2] 103] 9.6 -6 a9 +0 
Bates ecru ger asinest is 2 | 11.6 | 12.6] 12.8] 12.9] ro] 19 1.3 
RR en ten ane 31 20.4.1 58.3 1 29:0 | 285°) CG -8] —09 
eR er eer 4.) 182 | 20.39] 22.8} Ina) 2g A ot 
OREO rete S| 297138) 24.217608) oS 4 3 
OE ee eee 6] 10.7] 11.6] 10.7] 10.5 -9 -O| — .2 

Lincoln. . 1| 12.0] 12.3 | 12.5 | 12.2 3 an .2 
eh Ss Sade. ca ahi ie hans 2|14.4| 14.8] 14.4] 14.0 4 -O| — .4 
1 SRA CS SIRE hn at 3 | 13.6] 20.2] 14.5] 33.9] 20 -9 oz 
_, WEES ee oy ee 4] 13.0] 13.6 | 13.5 | 13.8 -6 i 8 
BSS iss Vie ee sob wenreny 5 | 12.8 | 13.5 } 12.9] 12.7 7 of ot 
eer eee 6] 12.7 | 12.7 | 12.5 | £2.0 sOl— .21/— 7 

Weeping Water....... Z| tar | 12.5 =f 50. -4 2 x) 
__ Or ee es 2| 13.7 | 14.5 | ZO. 13.4 -8|—-2.9| — .3 
OER ere Soe 3 | 33:0) 34.3 1-143 1 53-4 4 °41— -§ 
DUN etnies. Aisle a0 hanes AM 4.1 33-0 | 28, 0-1 $3.6 | 22.5 .6 -§|—.5 
Se eter ae ark intel 5} £9.60 | 29,0) t5; 2 1 22,5 .6 -5|/—.-5 
BRR ki distenteietijeisersve's's Gra 6 | 12.5 | 13.0] 12.6] 11.9 am -r]—.6 

Control A, Determination 1...|......|...... Pe eC ee Ae) aaa Reamer oriare 

Control A, Determination 2...|...... RS ee Oe Oe ee 

Control A, Determination 3...]...... eee: el eS Bid eee Cee ee 

oo ee Coe | S61 CR 4 Kee 2 2 io 

Maximum temperature...°C..}....../...... 19 19 “ie, SR. SYS TN 

Minimum temperature...°C..]......]...... 17 18 RS itis oath abies Re a Ss 

} 




















@ The data in italics would in practice be rejected, but serve to illustrate the semienien of duplicate 
determinations. 
Another illustration is afforded by the data in Table XI on distinct 
sets of samples taken from the same localities as those appearing in the 
preceding table. 
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In the case of 30 sets, each consisting of 6 samples, hygroscopic- 
coefficient determinations had been made in duplicate on each. The sets 
had been taken from five fields at each of six different places, and to 
secure a single set of composite samples representing each area we mixed 
equal weights of soil from the corresponding depths of the five fields, 
making allowance for the unequal amounts of hygroscopic moisture at 
the time. Accordingly the average of the values for the various depths 
in each area represents the mean of 10 determinations. These data are 
given in the third column of Table XI. Later, samples of each of the 30 
composites were exposed singly on three consecutive days. Only the 
one control soil, A, was used; on the first day the average value for this 
was found slightly higher and on the third slightly lower than on the 
second day. Of the 30 other soils 27 showed the highest value on the 
first day and 22 the lowest on the third day. 

From the above the advantage of using samples of control soils will 
be evident. The mere concordance of determinations on different days 
and even by different operators is in itself no evidence that such data 
express the correct hygroscopic coefficients. Especially striking illus- 
trations of this were afforded by the data obtained using pasteboard 
trays described above—data that we later wholly discarded. The de- 
velopment of an indirect method for the determination of the hygroscopic 
coefficient from the content of hygroscopic moisture was suggested by 
the parallel rise and fall of the two control soils from day to day (4, p. 
348-359). 


RELIABILITY OF THE METHOD DESCRIBED BY HILGARD 


To determine this, we followed his method exactly, except that we 
used a table of paraffined wood, which he does not specify. To give 
the method the most severe test we each day employed fresh and, accord- 
ingly, air-dry sheets of glazed paper. Four soils, two of them of high 
hygroscopicity, were employed, they being exposed in duplicate for 12 
hours and also for 24 hours (Table XII). During the whole of the time 
the temperature of the room was between 14° and 15° C. 


TABLE XII.—Results showing the reliability of Hilgard’s method when carried out as he 
has described tt 





Hygroscopic coefficient. 





Soil. On glazed paper. In 
aluminum 





trays 
12 hours’ | 24 hours’ | (24 hours’ 
exposure. | exposure. | exposure). 








GRP oes ot: pe cn cves cevast cehevecitameststanesee 15.4 15.7 16.0 
MI RIN Gk LSI as TONS he ERE «50 19. § 20.0 21.5 
SRNR Fs doh ih cack es Vei wackexcamieeacas 5.2 S23 5.6 
NE Glas Feuer ce vines dese neqeteecdcney usenet 6 -6 6 
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The data in Table XII show that in the case of soils of medium hygro- 
scopicity a 12-hour exposure gives results so close to those obtained by 
one of longer duration or by the use of metal trays that the differences 
may be considered within the range of experimental error. However, 
in the case of soils of very high hygroscopicity, such as I, it is not certain 
that the results are not slightly too low; in the case of these it is especially 
important to have the layer of soil very shallow. With L and I we used 
only from 2 to 5 gm., 8 to 16 gm. giving a decidedly lower result, 
while with soil A 10 gm. was not too much and with C as much as 80 
gm. could be used without lessening the value found. 

It is highly important that the method of Hilgard, carried out exactly 
as he described it gives reliable results, as this makes available as trust- 
worthy material for investigational purposes the great number of data 
on the hygroscopic coefficient which he has reported along with physical 
and chemical analyses of arid and humid soils. 


MODIFICATIONS OF METHOD WHEN SAMPLE CONTAINS GRAVEL OR 
PEBBLES 


On many soil types the sample in which moisture has been determined 
contains gravel or even small pebbles. These can not as such be in- 
cluded in the material exposed in the absorption boxes, as the quantity 
so used is so small that the coarse particles would constitute either a 
much smaller or much larger proportion of these than they did in the 
moisture sample. Accordingly they must either be separated and a 
correction introduced or be reduced to a state sufficiently fine to permit 
of a uniform sample being secured while still coarse enough to have 
practically no absorptive capacity. As a coarse sand has a hygroscopic 
‘ coefficient of only about 0.5, the pebbles and gravel if crushed just 
sufficiently to pass a 2-mm. sieve will cause no difficulty on the trays and 
introduce no appreciable errors. 

In practice we have found it most convenient to crush the sample in 
a steel mortar, sifting out the fine material at frequent intervals with 
@ 2-mm. sieve. 


CONCLUSIONS 

The amount of hygroscopic moisture absorbed increases with the rise 
of temperature. 

Drying of mineral soils at temperature of 100° to 110° C. does not 
appreciably decrease their hygroscopicity. 

Intractable samples may be reduced in a steel mortar to pass a I-mm, 
sieve without appreciably affecting their hygroscopicity. 

Twelve hours’ exposure in the absorption boxes is sufficient only when 
the soil layer is very shallow. In practice a longer interval is found more 
convenient, 20 to 24 hours proving very satisfactory. An exposure of 
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more than 24 hours gives higher values in the case of only very fine 
textured soils. 

A soil containing the amount of moisture corresponding to its hygro- 
scopic coefficient loses water very rapidly when exposed to an ordinarily 
dry atmosphere, but in determining the hygroscopic coefficient the time 
necessary to transfer the soils from the absorption boxes to weighing 
bottles is so brief that the loss during the transfer is too small to appreci- 
ably affect the accuracy of the results. 

Hilgard’s method for the determination of the hygroscopic coefficient, 
carried out exactly as he describes it, gives reliable results. However, 
the loose sheets of glazed paper thus involved are very inconvenient 
when many determinations are to be made and may advantageously be 
replaced by shallow trays, either of alumintim or of copper. Trays of 
glass, graniteware, and vulcanized rubber give satisfactory results, but 
are less convenient, while those of tin plate or zinc, although satisfactory 
at first, soon corrode. Pasteboard trays lined with glazed paper give 
results much too low, unless the period of exposure be greatly prolonged, 
and even those of paraffined pasteboard lined with glazed paper give 
somewhat low results. Any considerable increase in the size of the 
absorption boxes over that recommended by Hilgard or the use of a 
larger number of exposed samples within the boxes of the same size 
cause too low results, unless the time of exposure be greatly increased. 
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INHERITANCE STUDIES IN PISUM. IV. INTERRELATION OF 
THE GENETIC FACTORS OF PISUM 


By ORLAND E. WHITE, 


Curator of Plant Breeding, Brooklyn Botanic Garden; Collaborator, Office of Forage 
Crop Investigations and Office of Horticultural and Pomological Investigations, Bureau 
of Plant Industry, United States Department of Agriculture 


INTRODUCTION 
The present paper describes and discusses the number of demonstrated 
factors in Pisum, their modifying effects upon each other’s expression, the 
modification of their expression by different environments, and their rela- 
tion to one another in inheritance, whether independent or linked. 


MATERIAL AND METHODS 

As pointed out by Mendel, Correns, Lock, and many others, the pea 
plant is in many respects especially favorable material for studying such 
genetic problems as these because of the ease with which it grows, its 
short life cycle, its practically complete self-pollination (1 to 10,000 in this 
locality) in outdoor cultures, its comparatively small number of chromo- 
somes (seven pairs), the sharp cleavage in its multitudinous character dif- 
ferences, and the slight trouble involved in making successful crosses. 
On the other hand, back-crossing for various purposes, such as Morgan 
and his coworkers do, is practically out of the question with peas, because 
of the very small amount (2 to 4) of seed obtained from each cross for 
the amount of work required. 

The material upon which the original and confirmatory data in this 
study are based consists of a collection of over 200 different varieties 
and species of peas gathered from all over the world through the help 
of the Offices of Foreign Seed and Plant Introduction and Forage-Crop 
Investigations; Sutton & Sons, Reading, England; P. Vilmorin and 
Vilmorin et Cie., Paris, France; W. Bateson and C. Pellew; Haage & 
Schmidt, Erfurt, Germany; several botanic gardens in Europe and Asia; 
and from many other sources. The material particularly used consists of 
the varieties listed in Table I, for which the factors directly concerned in 
this study are also given. All the strains have been inbred for at least 
two generations, and they breed true to the factors designated for them. 
All the pedigree cultures to be compared with one another were grown 
as nearly as practicable under the same environmental conditions—for 
example, the parents and the F, and F, generations are often grown side 
by side; crosses are practically ali made in the greenhouse in winter; and 
the seed for growing the F, progeny are also grown under these conditions, 
as a greater quantity and better quality of seed can be secured than in 
field cultures. Under such conditions the bagging of emasculated flowers 
is absolutely unnecessary. Under extremely favorable conditions three 
generations a year can be grown, especially by using dwarf short-cycled 
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The forepart of the winter and late fall, however, 


is poor pea weather, because of the short daylight hours, so that generally 
at the Brooklyn Botanic Garden only two crops a year are matured. 


TABLE I.—Designation, source, and factorial composition of varieties of Pisum studied 
in determining the relation of factors to each other in inheritance 
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132 


138 





Source. 





Variety. | Factors studied.@ 
— | 
ama. 2.5 ORE | Ab(fa)G(Gp)I(Le)OR 
1 
| Quite Content...........| aB(Fa)(Le)............ 
Dwarf Grey Sugar.......| AB(le)T............... 
Tall Grey Sugar......... ae - 





Nott’s Excelsior. ....... ab(RayGilieyti):.. 
First of All.............1 ABGT(LeJOR. o-oo 
White-eyed Marrowfat...| aB(Fa)I .. 
TEIODDONE, «..... 65.05 secs Bed a ee eee 
ee AB FasGille) Siar chow 
PCT hs. 5 ies Ss OMe oaks eas ches 
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Wachs Schwert. .........| aB(bt)(Fa)G(gp)I(Le) 
OpR. 
“Market Split’. . a re Fa)G(Gp)iOR rapa 2 
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Quite Content... . A MEE te alec es 
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| Acacia 'V. wc... ee). 2.0.5 eee 
ee Pe eee CS a ee rare 
pattie dtatvel,. 2). xc ics. oc MO) Wii cic ic pas basis din 
Alpena es 2. eek PBA co as 
eee ere PERRET ines mcr ee twin 
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Peas are easily crossed and the flowers but little affected by mutilation. 
The set of seed in good weather is, at least, 60 to 75 per cent. Of 200 or 
more varieties grown in the greenhouse in winter in 4-inch pots and in 
the open bench, none have failed to blossom and set seed.! 


THE FACTORS OF PISUM 


Mendel (1866)?, Tschermak (1911), Correns (1902), Bateson (1909), 
Darbishire (1911), Lock (1905), Pellew (1913), Keeble (1910), Vilmorin 
(1911, 1913), Hoshino (1915), White (1916), and others have demon- 
strated, on the presence and absence hypothesis, the existence of over 
35 factors in the genus Pisum, these obviously forming only a small part 
of the full factorial Pisum complex. If the experimental data secured 
by the above-mentioned investigators are interpreted on the “paired 
allelomorph”’ hypothesis, the ‘‘absence”’ of each factor is to be regarded 
as a recessive factor, and the number of demonstrated factors is thus 
increased to over 70. In Table II the factors are listed according to the 
‘‘presence and absence’ hypothesis. The presence and absence of these 
35 factors gives rise, under certain specific environmental conditions, 
to over 70 differential Pisum characters. 

The detailed experimental data by which these factors were demon- 
strated and the references to the literature, together with much other 
summarized data on the genetics of peas, are given in No. II of this 
series of studies on Pisum *; hence need not be repeated here. Suffice 
it to say that in many cases the existence of these factors has been proved 
by a large amount of experimental data, including large numbers of F, 
and F, generation individuals, results from the back-crossing of F, and 
homozygous F,, and F, individuals with the ancestral “parent” types 
and with each other, reciprocal crosses,etc. With the exception of 
factors 11, 15, 17, 26, 27, and 33, the data are especially complete and 
satisfactory. In several cases studies on a single factorial difference have 
invoived observations on over 20,000 individuals. In a large number of 
the cases the studies involve a thousand or more individuals. Most of 
these factors (except factors 13 and 24) have been isolated by other 
workers, but in many cases the writer has repeated their experiments 
with similar results. 

In collecting these factors different symbols from those originally 
assigned them by their discoverers have often had to be given, in order 
to make them intelligible (Table II). Since the letters of the alphabet 





1 The writer is much indebted to his assistant, Miss M. Mann, and to Miss S. Streeter, a graduate 
student of the Brooklyn Botanic Garden, for assistance in collecting these data. Mr. Montague Free, of 
the Garden staff has also helped collect and classify the data. 

2 Bibliographic citations in parentheses refer to “ Literature cited,’”’ p. 178-180. 

8 Wark, O. E. INHERITANCE STUDIES IN PISUM. Il. THE PRESENT STATE OF KNOWLEDGE OF HE- 
REDITY AND VARIATION IN PEAS. Brooklyn Botanic Garden Contrib. 19. (Compilation and correlation 
of all the genetic data on Pisum up to 1916, with critical discussion and full bibliography. Read by title 
before the American Philosophical Society, May 4, 1917. Not yet published. Manuscript copy in Brooklyn 
Botanic Garden Library.) 
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are too few, double-letter expressions of a descriptive nature have been 
used, one capital and one lower-case letter, the two being joined by a 
parenthesis, as “(Gc).”” In some cases, where two factors are respon- 
sible for the same result, the same letter, subtended by different numerals 
has been used by Tschermak (1911), and these are retained. The same 
factor often expresses itself in several distinct regions of the plant, such 
as the inflorescence, the leaf axils, etc. When more is known concern- 
ing the genetic behavior of some of these factors, two or more of them 
may be found to be absolutely coupled such as (1)! and (5), in which 
case matters are simplified by representing them by one factor symbol, 


TaBLE II.—List of Pisum factors, alphabetically arranged, and their corresponding 
character expressions 








No. Factor. Expression. 
As siden Salmon-pink or rose flower color. With CD gives reddish leaf axils. 
B......| Purpling factor plus A gives purple flowers. With CD plus A 


gives purplish leaf axils and stem bases. 


3 | (Bl) ....| Glaucous foliage, stems and pods (with W); “bloom.” 

4 | (Bt)....| Pods with blunt apex. 

5 | C[A]....] With D gives leaf axil and stem color. 

6| D.......| With C gives leaf axil and stem color. 

7 | E{A]....| With F and B gives purple dotting on seed coats; in the absence of 
B gives reddish dots. 

8 | (Ef)....| Modifies the expression of (Lf) toward earlier flowering. 

be: eeaeerce With E and B gives purple dotting on seed coats; in the absence of 


B gives reddish dots. 

10 | (Fa)....} Axillary flowers, round stems, regular phyllotaxy. 

11 | (Fn)....| 1 to 2 flowers per peduncle. 

12 | (Gc)[A].| Yellowish green to grayish brown seed-coat color (weak chromogen 
factor), brown hilum. 


69 | cay Green cotyledon pigment. 

14 | (Gp). ..| Green pod color. 

150 3 Brightener or inhibitor of expression of Gc. 

“ig OS een Factor which causes green cotyledon color to fade. 

aa Ne AE pee With (Gc) gives dark-brown seed-coat color. 

18 | L,[A]...] With L, gives indent peas. 

Te ft With L,(A) gives indent or dimpled peas. 

20 | (Le)....| Long internodes; with T gives tall plants. 

2t | (Lf). ..| Primarily responsible for late flowering. 

Ye OR Brown or maple mottling on seed coat; or “ghost mottling’’ in 
absence of A. 

23 | N.......| Violet eye on seeds. 

oye iy Pe Green foliage, stems, and pods. 

25|P.......| Inflated, parchmented, nonedible pods with V. 

26 | P,.......| With P, gives purple pods. 

et ee With P, gives purple pods. 

28 | (Pl). ..| Black-eyed seed-coat pattern. 

29 | R.......| Round, smooth seeds with simple, oval starch grains, low water 


content and with excellent powers of germination under unfavor- 
able weather conditions. 


SD: fo sannk Pods with seeds separated or free. 

Cee ie eee Tall, robust plants, large number of internodes. 
32 | (Tl). . .| Leaves with tendrils. 

33 | U.......| Dark self-colored purple seed coat. 

Bh ING. feces we With P gives parchmented, smooth pods. 

95. Mos «008 With (Bl) gives glaucous foliage, pods. 











1 For key to numbers 1 to 35 in parentheses, see Table II. 











Oct. 22, 1927 Inheritance Studies in Pisum 171 





Factors A, C, E, (Gc), and L,, so far as the evidence forthcoming up to 
now is concerned, appear absolutely coupled, and it is much simpler to 
regard them all as one factor with many separate expressions. A 
could be substituted in each case where C, E, (Gc), and L, are used. 


MODIFICATION OF THE EXPRESSION OF PISUM FACTORS BY DIFFER- 
ENT ENVIRONMENTS AND BY EACH OTHER 


Most of these data have been compiled from other papers, but this 
brief review also represents for the most part, first-hand confirmatory 
knowledge by the writer. References to literature and credit are given 
in the earlier paper previously referred to.' 

The factor expressions given in Table II represent only the usual or 
common expression, and changes in environment may quite radically 
modify these expressions. Weather conditions, especially prolonged 
damp or rainy weather, often wash out or suppress the development of 
the purple flower color, so that it resembles the pink, and pinks are 
modified by the same causes to white. Under greenhouse conditions, 
where proper control is exercised, this never happens. Factors 3 and 
35, either independently of each other or when combined, produce the 
glaucous waxy covering of peas. Factor 3 is arbitrarily regarded as the 
common one. Plants from which either or both of these are absent are 
called ‘“‘emeralds,’”’ and lack this covering. Such plants are very sub- 
ject to death from disease and other external causes; hence, are gener- 
ally deficient in number in the F, ratios from crosses of glaucous with 
emerald varieties. The usual expression of factor (Bt) (4) depends 
partly on whether the pod is well filled with peas. Factors C and D (5, 6) 
are dependent on plenty of sunlight; otherwise the color is either com- 
pletely absent or faint. The anthocyanin pigment of the seedcoat pat- 
tern, brought about by the presence of factors E and F (7, 9) is soluble in 
water and may be washed out in rainy weather. Factors (Ef) and (Lf) 
(8, 21) are modified by a large number of environmental conditions, so 
that studies on these should always be carried on with parents, F,, F,=s, 
etc., growing side by side from plantings made at the same time. In 
crosses between certain normal and fasciated varieties of peas, domi- 
nance may be partially reversed by cloudy weather and conditions very 
favorable for rank growth. Unfasciated stem is usually dominant over 
fasciated stem, but in such crosses as noted above, the F, plants have 
been slightly fasciated under the conditions mentioned, while under other 
conditions, F, plants of the same cross have remained normal. 

A character similar to that produced by the absence of factor (Fa) 
(10) may be brought about in varieties of peas in which (Fa) is present 
by very damp weather, lack of sufficient sunlight, and crowding and 
twisting of the stems (White, 1916b). Various environmental causes 





1 Wate, O. E. Op. cit. 
7768°—17—6 
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bring about fasciation in plants, but in the case of such varieties of 
peas as the Mummy (Pr), the cause is innate or hereditary. 

The expression of (Gc) (12) changes to a deeper brown, resembling that 
of (Gc) (12) and J (17) combined, if the ripe seeds remain exposed to the 
weather or even ripen under conditions of much alternation of sun and 
rain. Under greenhouse conditions water rarely touches the ripe seeds. 
The expression of factor G (13) fades on prolonged exposure to sunlight 
and wet weather, and seeds of wrinkled-seeded varieties fade more 
quickly than those of green round-seeded forms. Lack of sufficient 
sunlight, immaturity due to prolonged growth of the vine, and other 
environmental factors effect the action of factor I (16) on green coty- 
ledon pigment, especially in such varieties as Spite Gold (P29). Pitting 
or “spurious indent” resembling the expression of factors L, (18) and 
L, (19) is found as an environmental effect in peas from which these 
factors are absent. ‘This is commonly the case in field-grown seeds in 
this locality of such white-flowered, round-seeded varieties as Tall 
Acacia (P39), First of All (P22), and Black-Eyed Marrowfat (P14). 
Factor (Le) (20) is generally responsible for the difference between 
dwarf and tall peas, and this difference may be noted as soon as the 
plants are 2 to 3 weeks old. Factor T (31), aside from the fluctuations 
caused by differences in environment, is responsible for the number of 
internodes. Pea varieties may be classified into three general types as 
regards height—dwarfs, half dwarfs, and talls. Dwarfs have 8 to 15 
short internodes. Half dwarfs are at least of two general types—plants 
with 10 to 18 long internodes or 20 to 30 short ones. ‘Tall peas are 
made up of a large number of long internodes (35 to 60). Other heredi- 
tary elements not yet isolated, together with environmental conditions 
such as disease, very poor soil, and dry, hot weather, modify the expres- 
sion of these factors, especially T (31). The absence of factor (Fa) (10), 
bringing about fasciation, modifies height by shortening the inter- 
nodes, though possibly the number of internodes is increased. Factor 
M (22) expresses itself very faintly (“ghost mottling’’) in the absence of 
factor A (1) for flower color. Prolonged exposure to sun and rain after 
the seeds are mature darkens the brown pigment. 

The expression of factor O (24) may be modified or almost entirely 
suppressed by certain diseases or the lack of sufficient salts, such as 
potassium. Sickly yellow foliage results, somewhat resembling varieties 
from which O is absent, though whiter and duller. Crosses involving 
factors G, O, and R (13, 24, 29) apparently give complex results. 
Either the presence of the shape factor R (29) causes no zygotes to be 
formed in which R is present and G and O are absent, or the presence of 
R in some way brings about the production of green pigment, even 
though G (13) is absent. More data are being accumulated, and it is 
hoped these particular problems will be solved shortly through their aid. 
The expression of factor S (30), in the absence of which pea seeds are 
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stuck together when mature, is regarded by the Hagedoorns (1914) as 
being modified by the factors for flower color and glaucous foliage and 
stems. In working over Vilmorin’s data (1913), the present writer 
concluded that these data were more simply explained by regarding 
factors (BI) (3) and S (30) as partially coupled or linked and by assum- 
ing certain of the F, combinations to be adversely affected by weather 
conditions. The variety with stuck-together seeds (“chenille”) has 
emerald foliage, but emerald varieties are known with free seeds. 


RELATION OF PISUM FACTORS TO EACH OTHER IN INHERITANCE, 
WHETHER LINKED (COUPLED) OR INDEPENDENT 

The studies of Bateson (1909), Pellew (1913), Surface (1916), Tanaka 
(1913), Emerson (1911), Vilmorin (1913), Gregory (1911), Doncaster 
(1913), Pearl (1912), Altenburg (1916), and especially of Morgan and 
his coworkers and students (1915), Sturtevant (1915), Bridges (1914), and 
Muller (1916) make it increasingly evident that the various hereditary 
characteristics of organisms and their determiners or factors are inherited 
in more or less closely linked groups, instead of independently, as was 
supposed in the early Mendelian studies, these groups being held together, 
perhaps, by chromosomes. As shown by Cannon (1903), Strasburger 
(1911), and others, at least some varieties of the common pea have seven 
pairs of chromosomes; and a wide cytological investigation, now in 
progress, will determine how true this is for all species of Pisum. On the 
assumption that seven pairs of chromosomes are the number usually 
present in all varieties, the number of independently inherited groups in 
Pisum, on the chromosome hypothesis as developed by Morgan and his 
students (1915), should be seven. Should accurately checked data show 
that more than seven of these groups occur, for instance, eight or nine, 
either the varieties used possess more than seven pairs of chromosomes or 
the chromosome theory as now held, so far as peas are concerned, would 
need revision or would be disproved. The chromosomes of peas, as com- 
pared with those of Drosophila spp., however, are long; and from this fact 
one might assume the linear distances between many of the factors to be 
greater. This being true, greater opportunities for crossing over would 
occur, and when the number of cross-overs approached 50 per cent, 
greater difficulty would be found in securing sufficiently accurate data 
to distinguish between ratios involving linkage and those showing only 
independent inheritance. 

Table III shows the totals of F, ratios from crosses involving the pres- 
ence and absence of eight factors [A, B, (Fa), I, (Le), G, R, (T1)], two of 
which [R and (T1)] belong to one group. Each factor has been tested out 
in crosses involving all its possible combinations with the other seven, 
the results indicating seven independently inherited groups in Pisum. 
Hence, in Table III all the factors of one group have a common number, 
as, for example, R and (T1) meaning that both R and (Tl) belong to group 
7. The F, generation totals in most cases are fairly large and dependable, 
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but in some cases still more data are needed, in view of the fact that the 
linked groups may be less closely bound together in Pisum than in 
Drosophila, because of difference in chromosome dimensions. In several 
cases, involving small totals, the approximation between the classes 
actually obtained and those theoretically expected is not very close. As 
soon as more data are obtainable probable errors for these ratios will be 
calculated. In Table III, the ratios actually obtained are given first and 
the calculated expectation directly beneath. Each factorial combination 
is separated by a line and the combinations themselves (somatic) are 
expressed by descriptive character symbols, explanations of which are 
given in a note below the table. Factors (Tl) and R are used inter- 
changeably, as they are closely linked. The totals represent the F, 
populations from crosses of different varieties, though each of the two 
varieties involved in a single cross differed in the designated factors. 
The data from the individual crosses with the numbered designations of 
the varieties involved, are given in the appendix. Each group of crosses 
involving one type of factorial difference is designated so as to correspond 
with the designation in Table III, as exempli gratia (1), (2), etc. All data 
except those involving group 7 are from the Brooklyn Botanic Garden 
cultures. The data for group 7 are the combined results from the studies 
of Vilmorin (1911), Bateson (1909), Bateson et al. (1905), Pellew (1913), 
as well as from the writer’s own studies. 

The employment of data from crosses involving many different varie- 
ties to demonstrate the independent inheritance of specific factors, such 
as those given in Table III, as compared with data from crosses involving 
only two varieties with the desired factorial differences, is open to some 
criticism on the hypothesis of multiple factors. Nilsson-Ehle, (1908, 
1909), East (1910), Morgan et al. (1915), Shull (1914), and many others 
have secured F, ratios involving only one character difference, which, 
however, gives a di-, tri-, or poly-hybrid ratio. 

Apparently the same characters in plants and animals of the same 
species in other experiments have given an ordinary monohybrid 3:1 
or 1:2:1 F, ratio. These results (dark-brown glume color in oats, 
yellow endosperm color in maize, pink eye color in Drosophila, capsule- 
shape in shepherd’s-purse (Bursa. bursa-pastoris), etc., are interpreted 
by their discoverers as showing the presence of two (in case of a 
dihybrid ratio) or more factors, each of which by itself gives rise to prac- 
tically the same effect, expression or character, as when both are con- 
cerned. Further, as the ratio indicates, they are inherited independently 
of each other, and according to Morgan, Sturtevant, and their colleagues 
(1915), they are located in different chromosomes. By the method in 
use in the present study, different factors in different varieties giving the 
same or very nearly the same ‘‘somatic’”’ expression could not be dis- 
tinguished; hence, one can not be certain that he is always experimenting 
with the same factor. 
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TABLE III.—Frequency distribution actually obtained and theoretically expected of the 


various factorial combinations of F, populations of peas derived from crosses involving 
eight pairs of factorial differences, two of which are partially linked 











No. Factors. F2 frequency ratio.¢ 





| Al, (Fa)®.................! 9g RpN: 7 RpF:6 WN: 1 WF. 
| Tote 22 RpN: 7 RpF:7 WN: 2.4 WF. 





| A}, B?, (Fa) 823 RpN : 264 RpF : 260 PN : 68 PF: 4or WN: 
| Total 1,936 817 RpN : 272 RpF : 272 PN : 90 PF : 363 WN: 
| B*, (Fa)§ | 323 RDN : 94 RpF : 100 PN : 33 PF. 

| Total 55° | 309 RpN : 103 RpF : 103 PN : 34 PF. 


A!, B?, I¢ 332 RpY : 103 RpG: 112 PY : 26 PG: 1530 WY: s 
| Total 777 327 RpY : 109 RpG: 109 PY : 36 PG: 145 WY: 


(Fa), 14 411 YN : 129 YF : 115 GN : 43 GF. 

Total 698 Se eeie lavienax vanes 392 YN : 131 YF: 131 GN : 44 GF. 
| Al, BY, (Le)® | 179 RpT: 64 RpD : 50 PT : 19 PD : 73 WT : 31 WD. 

175.5 RpT : 58.5 RpD: 58.5 PT : 19.5 PD: 73 WT : 26 WD, 


A!, (Le) 750 RpT : 270 RpD : 276 WT : 84 WD. 
| Total 1,382 | 776.7 RpT : 259 RpD : 259 WT : 86.3 WD. 


233 NT : 82 ND: 69 FT : 32 FD. 
234 NT: 78 ND: 78 FT: 26 FD. 


669 YT : 255 YD : 225 GT : 83 GD. 
693 YT : 231 YD: 231 GT: 77 GD. 
A!, B?, If, Ge 80 RpY : 13 RpG: 28 PY: 5 PG: 30 WY: 11 WG, 

Total 167 76.0 RpY : 17.5 RpG: 25.3 PY : 5.8 PG : 33.8 WY: 7.8 WG, 


168 CY : 32 CG: 52 WY: 13 WG. 
160 CY : 36.9 CG : 53.3 WY: 12.3 WG. 


102 YN : g6 YF : 25 GN : 4 GF. 
Total 167 101.4 YN : 34 YF: 23.4 GN: 7.8 GF. 


. 1,142 Y : 268 G, 
Total L410. 1,145.3 Y : 264.3 G. 
(Le), G6 22GT:6GD:7¥YT:1 YD. 

Total 36 20.25 GT : 6.75 GD : 6.75 YT : 2.25 YD. 


A!, R? 317 RRp: 106 RW : 113 WrRp: 43 WrW. 
al 57 324.9 RRp : 108.3 RW : 108.3 WrRp : 36 wrw. 


233 TIRp : 77 TIW : 68 ARp: 26 AW. 
226.8 TIRp : 75.6 TIW : 75.6 ARp: 25.2 AW. 


53 TIB: 10 AB: 14 TIb: 2 Ab. 
4s TIB: 15 AB: 15 Tib: 5 Ab. 


(Fa)8, (11)? No coupling; Soave not ~~ ro 


sot+1? TNL : ?NA: Pi 4 :s+1? AF 
Total 79 4s TIN: on 15 TIF : sh 


PU RREP ss vecesccs 


5,241 RY : 1,729 RG: 1,757 WrY : s10 WrG, 
5,195 RY : 1,731 RG: 1,731 WrY : 577 WrG, 


273 TIY : 94 TIG: 82 AY : 32 AG. 
270.2 TIY 90.2 TIG : go.2 AY: 30.2 AG. 


No coupling; foun not available (Pellew). 
st TIT: 25 TID: 13 AT: 7 AD 


54 TIT : 18 TID: 8 AT :6AD. 


93 RT: 34 RD: 28+1? WrT : 7 WrD. 
80.1 RT : 26.7 RD : 26.7 WrT : 8.9 WrD, 


31 GT1: 13 GA: 19 YTI: 5 YA. 
37.8 GT1: 12.6GA: 12.6 TI: 4.2 VA, 


GS, . 











—— 


a Rp=purple flower color; P= pink flower color; W= white flower color; C=colored flowers. N=nor- 


mal stems; F=fasciated stems. Y=yellow cotyledon color; G= green cotyledon color. T=long inter- 
nodes (tali plants); D=short internodes (dwarf plants). R=round cotyledons; Wr= wrinkled coty- 


ledons. Tl=leaves with tendrils; A=leaves without tendrils (acacia). B and b=with and without 
factor B. 
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Two such multiple factors as A and A,, each capable of producing pink 
flower color, each located in a separate chromosome, and each inde- 
pendently inherited from a third such factor A,, having the same expres- 
sion, could bring about considerable confusion in such an attempt as the 
present to determine the factorial groups of Pisum. With data from 
crosses of two varieties having seven or more factorial differences, no 
such difficulties would be encountered, and perhaps even with the method 
used above the chance of encountering more than one such factor, is 
comparatively rare. As soon as two true breeding varieties differing in 
seven or more suitable factors can be secured from crossing experiments 
the independence in inheritance of the factors listed in Table III will 
again be tested. 

From among 16,384 or more F, progeny of such a cross, if each factor 
proved again to be independently inherited, there should be over 128 
(27) visibly distinct forms, representing 2,187 distinct factorial combina- 
tions. Provided the cross involved 8 factor differences, each inherited 
independently of the other, 256 distinct forms would be theoretically 
expected and if a cross were made involving 25 such factor differences, 
each independently inherited, the F, generation, if it were practicable to 
grow a large enough population (4%), should consist of at least (27) 
33,554,432 visibly distinct forms. The classification of such a popula- 
tion, even when obtained, would be impracticable, if not impossible. 

It is brought into the present discussion to emphasize the enormous 
amount of variation possible through crossing, for even on the chromo- 
some-crossing-over-linkage hypothesis of Morgan and his coworkers 
(1915), plants and animals are known with more than enough factor 
differences and chromosomes to have 25 independently inherited groups. 
For example, Nicotiana tabacum, the commercial tobacco, as observed by 
the writer (1913), has 24 chromosome pairs and the recent lists of Tischler 
(1916) and Ishikawa (1916) cite plants with a much higher number. 
As pointed out by East (1915), if the facts and theories regarding inher- 
itance in Drosphila spp. are found to be true for organisms in general, it 
is very important that plant breeders should know the number of chromo- 
some pairs in the plants with which they are experimenting. When one 
contrasts the number of forms that can be derived from such crosses as 
mentioned above with the number of recognized plant species (approxi- 
mately 225,000) and considers that to the plant breeder and horticul- 
turist many of these forms are as distinct as taxonomic species, one is not 
surprised at all that a certain well-known taxonomist and student of 
phylogeny, Lotsy (19), should advocate that all evolutionary change of 
a hereditary nature is due to crossing. 

Other factors in addition to those listed in Table III have been tested 
out with each other, but only part of the possible combinations with those 
given in Table III have been made, so these data are reserved for a later 


paper. 
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LINKAGE IN PISUM 


In Table IV the available data on linkage of factors in Pisum are given. 
As in Table III, only totals are listed, the detailed results from which the 
totals were compiled being given in the appendix, the tables being num- 
bered to correspond with the linked factor groups in Table IV. Linked 
group 24 in Table IV is based on the writer’s own interpretation of 
Vilmorin’s (1911) data from F, hybrid populations and F, progeny from 
heterozygotes similar to the F,. The deficiency of EA individuals is, as 
previously stated, probably due to insufficient ability to resist disease. 
At least, that is the writer’s own experience with emerald varieties. The 
calculation of crossover to non-crossover gametes is based on Castle’s 
table (1916). 

Group 25 is based on the studies of Lock (1905), Tschermak (1911), 
and Hoshino (1915), supplemented by the writer’s own studies, though 
none of his dwn data.are incorporated. The figures and interpretation 
are taken from Hoshino’s paper. As previously stated, factors A, C, 
E, (Gc), and L,, are absolutely coupled and most simply interpreted as 
expressions of A, instead of as five distinct factors, as held by Tscher- 
mak and others. Group 26 is based on the data and the interpretation 
of Vilmorin and Bateson (1911), and Pellew (1913), though the discovery 
was first made by Vilmorin (1911). The results of the writer from 
numerous crosses, among which was one, the F, seed of which was kindly 
sent me by Prof. Bateson, completely confirm the previous studies. 
Group 27 is based entirely on the writer’s own data, but they are too 
few as yet to determine the ratio of non-crossover to crossover gametes. 
Groups 25, 26, and 27 are inherited independently of each other, but, 
as shown in Table III, they belong to three of the seven independently 
inherited groups already demonstrated. The relation of group 24 to 
these, so far as the writer is aware, is undetermined. 


TABLE IV.—Linked groups of Pisum 4 





| | 

No. | Factors. | Linkage. 
| 
| 





ao |. 


265 GIFs : 6 GlAs : 12 EFs : 57 EAs. 
Total 340... . 


226 GIFs : 17 GlAs : 17 EFs : 64 EAs (8:1). 
189.9 GIFs : 63.3 GIAs : 63.3 EFs : 21.1 EAs (no coupling). 
A (Lf).........| §13 WE : 163 WL : 141 RpE : 1813 RpL. 
| Total 2,636....| 505 WE : 154 WL : 154 RpE : 1823 RpL (7:1). 
| — 164.3 WE : 492.9 WL : 492.9 RpE : 1478.7 RpL (no coupling). 
25 | A, C, E (Gc), | Absolutely coupled, so may be regarded as expressions of a 
and L, single factor A. 
96 | BORE iices cra | 1,466 RT : 20 RA: 15 WT : 564 WA. 
Total 2,065....| 1,471 RT : 15 RA: 15 WT : 561 WA (63:2). 

1,161 RT : 387 RA : 387 WT : 129 WA (no coupling). 
a7 | G, O..........1 334 GeGF Se CeVE(? : 16 YcGf (?) : 40 YcYf. 
Total 196..... 109.7 GcGf : 36.3 GcYf (?) : 36.3 YeGf (?) : 12.2 YeYf (no 
coupling). 


b 


on 








@ Actually obtained F: classes and frequencies given first, followed (1) by approximated amount of 
crossing-over and (2) by theoretical expectancy on a non-linked or no-coupling basis. 
Gl = glaucous, E = emerald or non-glaucous Fs = free seeds, As = adhering or “‘chenille’’ seeds. 
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SUMMARY 


(1) Thirty-five genetic factors of the genus Pisum together with their’ 
common expressions, are listed and discussed in the present paper. 
The “presence and absence”’ of these 35 factors are mainly responsible 
for 70 or more differential Pisum characters. 

(2) The modifying effects of the expression of one factor upon that 
of another, and the effects of external environmental conditions upon the 
expression of these factors, so far as known, are presented and discussed. 

(3) Data, involving many thousand F, generation progeny, indicate 
the factors A, B, (Fa), I, (Le), G, and R to be independently inherited— 
that is, not linked, unless the linkage is very loose. 

(4) Data for four linked groups are presented, three of which involve 
the factors mentioned under (3), and one of which the relations to the 
above seven are still undetermined. 
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APPENDIX 
[See pages 173-177] 
TABLE 1.—I nheritance of factors A and (Fa) 








F; classes and trequencies. 


| Total, 








Cross, | 
RpN. | RpF. | WN. | WP. 
7 Pg ee ee wos 
CPA SEA Bie hehe ee aed eGiess cea | 25 | 7 | 6 | 1 | 39 





Theoretically expected. ...........0..0 0000: 22 | 7 | 7 | 2.4] 39 
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TABLE 2.—Inheritance of factors A, B, and (Fa) 






































F; classes and frequencies. 
Cross. —— | Total. 
RpN RpF | PN. PF. | WN. | WF. 

vn, — 
(P1—4XP23—4)—1.} 45+3? | 15 | 12 | 2 24 | 7] 108 
(Pr—4X P32—5)—1. 4 a | I | ° 3 I | II 
(P1—4X P32—5)—3. ° | - 1 | ° I ° | 3 
lp el eg 13+4? | 6 3 | ° II 3 40 
Pr—4XP39—3)—1. 34 9 II | 5 12 8 79 
{P1—6X P29—1)—1. Sel 2 4 | I 4 I 14 
(Prr—1XPi—1)—1.| 33+1? | 3 1 7 | 5 10 rT 60 

af ig aR 

st | Nc? Meer 34 | 1s | 13 | 2 17 5 86 
Fy ees as ae 21 | 12 6 | 3 18 4 64 
(P21—1XPi—1)—1, 

etc.. 172 | 54 44 | 18 70 25 383 
(P23—1XPr—2)—1, | 

alice ees Wee Outs 80 | 17+1? 22 §| 41-1? 9 176 
(P26 PI Aa, 

25 3, howe eee 38 | 12 16 5 21 5 97 
ens tenho i 15 | 2 7 ° 2 33 
Car tare ti. | 
(P28 2X12), 66 | 26 go} 6 | 36 || a3] azz 
(Pap TP —4)-2, | 

oakeadeeey 47 | 19 10 2 25 II 114 
Badia tests, 

MUM ea cose vec hc 69 | “24 27 6 31 10 167 

att 
oC ree 117 | 38 39 7 56 13 270 

(P35 3XP1—4)—1, 
Nee aire ew Ween 24 | 7 7 I 13 2 54 
Grand total. ..} 815+8? | 263+1? 260 68 |400-+ 1? 120 | 1,936 

Theoretically 
expected ...| 816.7 | 272.2 272.2 9°. 7 363 I2I | 1,936 
Ratio. ..... ces. 27 | 9 | 9 | 3 12 | 4 errs 

i | 





TABLE 3.—Inheritance of factors B and (Fa) 





F, classes and frequencies. 











Cross. ae an ee en ee | ‘ Total 

RpN, | RpF. | PN, PF. | 

eer cig ali aa -| 
ee flowered Normal ........ 52 | 12+2? | 14+1? 3 | 84 
Eas ats ee Sacer Sato ara ea cates ..| 100+2? | 2gt+r1? | 38+1?] x1-+2?| 184 
a a oP he wea ay erate 79+5? | 26+1? 27 Ir | 149 
(P13 —3XPr—3)—1, —2......0000-.| SE+3? | 20-2? 19 6 | 131 

(P36—2X PI—6)—2 6. ccc cecenveness I I ° ° 





CE WR oo oi ceesccccccecs 313+10? | 88+6? | 98+2? | 31+2?| 550 

















Theoretically expected.........| 308.7 102. 9 102. 9 34-3 | 550 
| 
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TABLE 4.—I nheritance of factors A, B, and I 


































































































F: classes and frequencies. 
Cross. a ; Total, 
RpY. | RpG. a | PG. | wy. | WG. 
fg ey 84 ne) a ee Sa 28 15 II 5 15 5 79 
(P21—1X Pi—1)—1, etc............ 176 50 53 9 71 24 383 
(P26—1X Pi—1)—1, —2, —3, —4...| 36 7 13 3 16 9 84 
(P28—1X P1—1)—1, —2, etc........ 73 19 28 8 34 15 177 
(P35—3XPr—4)—1, 2... cc eee eee 19 12 7 I 14 I 54 
coc E 1 ree | 332 | 103 | 112 26] 150 54 777 
Theoretically expected....... 1326. 7 |108.9 |108.9 | 36.3 |145.2 | 48.4 777 
MOND 65 ais 44 48 pn sie o:sia'e-biv Ss Kee | 27 | 9 | 9 - 12 a eer 
TABLE 5.—Inheritance of factors (Fa) and I 
F, classes and frequencies. 
ie: Total. 
YN. YF. GN. GF, 
(Par = 2 MPr 2) 5) Ctl. os eis si cinceccceccncceses +s +| 296 14 60 23 383 
(P26—1 XPI—1)—1,-2,-3,—-4 0. eee eee eee eee 50 15 14 5 84 
(go ee Bod of Sor) Lo Ao | eee eneecen on 33 30 12 177 
(ge Os go a Ae ere eran ie 7 II 3 54 
SPN MUAY ike scien sncsda sons coaices ton 411 | 129] 115 43 698 
Theoretically expected... ..........0000.5% 392. 4 |130. 8 |130.8 | 43.6 698 
MES Avis eaieone bowtie Mihai abet aie naw 9 3 3 tl Caner 
TABLE 6.—Inheritance of factors A, B, and (Le) 

F; classes and frequencies. 
Cross. var lk Gis 3 ; | Total. 

RpT. | RpD.| PT. | PD. | WT. | WD. | 

| 

| 
(P2r—1XPr—1)—1, etc.............| 167 59 43 19 65 30| 383 
(Pay7—tXPrat)—1.........0.0000se00] 18 5 7 ° 8 Et “se 
Cee GA soins eccees e% 179 64 50 19 73 31 416 
Theoretically expected....... 175-5 | 585] 585] 19.5 78 26 416 
PBs ssccpecnanpeanete coset) pat 9 9 3 12 7 er 
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TABLE 7.—Inheritance of factors A and (Le) 
































| F; classes and frequencies. 
Cross. ST ot 
RpT. | RpD.| WT. | WD. 

oni le th eee AS SE, 167 59 65 30 3a 

27—1XPi-—1)-1 deniuieeccant sata esse ee 5 I 2 
(Pismoon Mabe d a8, «55... ce cccersecceccces 25 8 12 2 47 
(P4r—1 XP2r—ir)—H ijn 2... cece cece ceseccecccevces| 122 36 40 8 206 
CEAL Ge ee eS os cciccccecekaicacsnsesevisect 3 6 5 I 35 
bee CY) SS a eer. i az} 34 4 14! 
er 9 tat) eet ie, ee 16 20 4 107 
(PGS — 1 KPQI—Z)—H ET. 202 cece cece se eecececeeccoemel 37 22 10 4 73 
(P67—6X P13—3)—1, EO RE 39 15 26 4 84 
CP 72ST CEAE HG) HSH Fos co iveivcccvceccsessuccdl SIG 82 56 | 26 340 
CI CRs Sess dae ceineehce ce vawiacduasen 750 | 270 | 276 84 | 1, 380 
Theoretically expected.................... 776.7 [258 9 |258.9 | 86.3 | 1, 380 
ere t Pe es Cee eer etree 9 | 3 3| Wiloeieks 

- ———— _ ! V —_—— ee —_——$ 


















































Cross. mies: um ae in _ Total 

NT. | ND | FT. | FD | 
ae = bg | : 7 une ss 
Oe Po ae) os | ee 210 76| 65 32 | 383 
CPE AEE NED piece diacnieccvccsveccceewede. Se 6 | 4 ° | 33 
i casia wi esakdscsixisnesiasas 233 | 82 | 69 | 32 | 416 
Theoretically expected................0005 234 78 | 78 26 416 
reer rere Teer Ere Ere rere | 9 3 | 3 | shea: 

| | 

TABLE 9.—I nheritance of factors I and (Le) 

F, classes and frequencies. | 

Cross. ieee ee IAS Ee hn 
YT. | YD. | GT. | GD. 

OD eee) oy oe | a ere 221 79 54 29} 383 
ee, a a I 121 34 42 Ir |} 208 
ES. aad ad ate aed 71 20 29 S| 125 
P65—1XP41—-3)—1......... slucdianemeteen am 20 17 9 | 84 
P67—6X P13—3—3)—1,—2, 8. a hain dco eae 51 15 15 87 
P72—1XP41—5)—1,—2.. Waawavienwetonuecdy kee 87 68 23 =| 345 
CU NR sass ress cate sladivntanieesaccens 669 | 255 | 225 83 | I, 232 
Theoretically expected................0005 693 | 231 | 231 77 I, 232 
PEGI ais Favaicdentusds wakasigadeoudeadne dad: 9 3 3 | She axes 
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TABLE 10.—I nheritance of factors A, B, I, and G 





| F2 classes and frequencies. 
} 










































































Cross. — | ee . 72 Total. 

| RpyY. | RpG. | PY | PG. | WY. | WG. | 
(P30—1XPi—1)—1, etc.......... 80 13 28 | 5 30| «1 167 

| 
Theoretically expected....... 76.0] 17.5 | 25.3 | 5.8 | 33.8 |. 7.8 | 167 
eee 27 39 | 9 52 | 12 | pe metas 
_ — — = —— _-— - a ! —— ' — 
TABLE 11.—Inheritance of factors A, I, and G 
F: classes and frequencies. 
Cross gos | Total. 
CY CG wy | WG 

a i | iat its 
ee 9 ge ne ree ree 108 18 30 II 167 
ME Ne) 8 oon bin piss ce eaeins vive sae cere weet 60 14 22 2 | 98 
PERRET dois cidsgiinaaisy ee enon crcl Aba aie 52 13| 265 
Theotetically expected .........00.0000s0 0000 160 | 36.9 | 53-3 | 12.3 | 265 
BE  crcrwitaiatewc askance Samtlene te | 39 9 13 3 | Slee se 

{ | 

TABLE 12.—I nheritance of factors (Fa) and G 

Fs classes and frequencies. | 

Cross. | : | Total. 
| YN | YF | GN | GF 

CP SOE PE 8) 5 CUE os cis os hs ceeanie vases | 102 | 36 | 25 | 4 167 
Theoretically expected................00005 IOI. 4 | 33-8 | 23.4 | 7 167 
PN disvannsaece ssa teivkaksooiaeneeen 39 | 13 | “| a) ee 
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TABLE 13.—Inheritance of factors G and I 
| F2 classes and fre- 
quencies. 
Cross. - = Total. 
l 
Y | G 
Dom. Y (GGIT) Xrec. Y (ggii)¢ 
Total data transferred from table 3b (1916)............ 457 | 87-+22? | 566 
(P29g—2—1 X PZ0— ATO) — 1... cece cece cece eens 78 | 17 95 
(P29—2—1 X P30—A—10)— 2... eee 155 | 40 | 195 
(P29—2—1 XP30—A—10) 3... cece cceevccene we 75 | 19 | 94 
(P29—2—2 XPZO—A—I1)—1. ook ccc ee ee eens 108 | 25 | 133 
CRUSE — Ea 6 Bl Bovis h hhc ee cc swetee de hee cus 28 10 | 38 
Dg CEES) cet Set) eet mR ee a eee 140 30 (| 170 
CRESS PIO AME SF esd cercertevecceesnenennecces 72 | 16 88 
(P71 —2—2—1 X P30—4—-3—-1) I... ee ee ees 4 ° | 4 
(PqQO— 3 — 1 XK PZOK 4K ZBI) HI. ww eee cece cece cece ees II a 12 
(P9o— 3 —1 XK P30— 4-3-1) 2... ce eee cece ee eee eee 9 r | 10 
(Pr00— 3 —1 XK P30— 4-3-1) MH 2. ce eee ccc e cece eens 5 ° | 5 
I 1 —— 
Cue SS ca 1s ee oan cae red wowed | 1142 246+22? I, 410 
Theotetically expected... ..... 0.6. vucccencs cer | 1,145. 3 264. 3 | I, 410 
ES Se er Cee irene etree ereuneetan ns 13 3 
Dom. YXG cot. (GGii)2 | 
For crosses, etc., see Darbishire (1913, p. 71) and White 
RAGE ie SUPRA 6 ose en tices unehainaneanaahes | 43,764] 14,490] 58,254 
Theoretically expected............0.s.ccccceees 43,690. 5 | 14, 563 | 58. 254 
PUM S sicu cononrnekacekna mates Aaa eT ee eeE 3 | e1. 

Rec. YXG cot. | | 
(Par—15—1 X PZO— A—2)— 1... eee cece cece eee ceees 5 | 22 27 
(Par—15—1 X P30— A —2) —2.. .. 0. ccs ncccncsccnece 8 | 23 31 
(P30—5—4X P38—20—IP)—1. 2... eee eee ees 15 49 | 64 
CEO § 4X P38 SFOS FE MHS. ccc ccc ce cutlewecceces 11 4I | 52 
(R30— §— 46 P48 —2OHOP Fo ods ccc cnentaeceens 6 26 | 2 
(P30—5—1XP38—20—-1)—1. oo ee eee eee eee ees 12 | 31 | 43 
CE EO Rie ies nickicw casts cceeeileeas cei a 13 16 
Do ee oS cd, oat) ae Se er ee eee eee 3 12 15 

Ce RIOD 5 ress ceweweslanc none nemaevewacers 63 | 217 280 
, | 

PHOORCCICAITY OCXPECIEE. «5.0. ons icc s covnncceceucts 70 | 210 280 

NS i6ic 5. Resins we sled ya ee ie oa ua earner r | 








@ Factorial camposition. 
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TABLE 14.—I nheritance of factors (Le) and G 





Fy classes and frequencies. | 





| 
| 































































































Cross. ] | Total. 
Gt | GD | YT | YD | 
—|— | a -|— = 
(Par—15—1 XP30—A—2)— 1,-2.0... eee eee eee 22 | 6 | 7 | I 36 
Theoretically expected....................) 20.2 6.7 | 6.7 | a2} 36 
PN oe orc ace Cece nese en | 9| 3 | 3 | FE Deve cans 
| 
TABLE 15.—Inheritance of factors A and R 
F: classes and frequencies. 
Cross. ] Total. 
RRp RW WrRp WwWrwW 
a | Ee 
(P4o—2 XP30—4)—1... 2.0... ee 55 20 19 | 4 98 
Oh} ¢ oe) Ly ee 32 10 7 2 51 
(P67 —6X P13 —-3—3) —1,—2,—3... 45 | 21 72 9 87 
(P72—1XP41—5)—1,—2.......... 185 | 55 | 75 | 28 343 
eT 317 106 | 113 | 43 | 579 
Theoretically expected..... | 324.9 | 108.3 | 108.3 | 36. 1 | 579 
° | 
OER Cn re 9 | 3 | 3 | I | evans 
TABLE 16.—I nheritance of factors A and (T1) 
F: classes and frequencies. 
Cross. SasisaifaTRih yi Saskesheis-cala wesc aaa ——| ‘Tobe. 
TIRp TIW ARp AW 
(P72—1XP41—5)—1,—2.......... 197 60 | 61 ry dl Oe cae 
(P1—4XP39—3) 1... cece ee eee 35+1? 17 | 5+2? Biles ecevrale 
| rere 232+1? 7 | 66+2? | 25+1? 404 
Theoretically expected...... 226.8 75.6 75. 6 25.2 404 
BRO rnerechanseieaes 9 3 | 3 ae reereetcae ec 
TABLE 17.—Inheritance of factors B and (Tl) 
F, classes and frequencies. 
Cross. ona Total. 
TI1B. | AB. Tb. | ~Ab. 
pata | | a 
(Pr § XP 39 = 3) 2.6 oes cece s2+1? | 8+2? 14 | 2 79 
Theoretically expected... . 45 | I5 15 5 79 
BOO sé icacicxniinas taaeas 9 | 3 4 a Cee ree 
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TABLE 18.—I nheritance of factors (Fa) and (T!) 











































































































F: classes and frequencies. | 
Cross. ; an ie | Total 
TIN. AN. TIF. AF. | 
Cia Raga a)\t. « .. cone cices 5o+1? 5+1? 16 5+1? 79 
Theoretically expected... . 45 15 15 5 79 
WR Siaiii te goentnncecee ts 9 3 3| I 
| ; o—_ 
TABLE 19.—I nheritance of factors I and R 
Fs classes and frequencies. 
Cross. Total. 
RY. RG. | wry. WrG. 
Data from Bateson, Saunders, and 
PUMMORICIOME) 5 in sce cee's 5000's 4, 926 1, 621 1, 656 478 8, 681 
From Mendel’s data (1865, p. 19).. 315 108 101 32 556 
COE CEL... se sccccssiine | Seg 1,729 | 1,757 510 9, 237 
Theoretically expected..... 5, 195 I, 733 | 1, 731 577 9; 237 
Pe Fs ce atts cee 9 3 | 3 || eee 
TABLE (20).—I nheritance of factors I and (Tl) 
F2 classes and frequencies. 
Cross. suena ae Total. 
Tly. Tio. | av. | «2 
— ne - 
Pr—4 XP 39-3) 1... .. cece cece ees 45 21 8 | 4 78 
P39—1XP32—1)—1............-. 37 6 10 | 4 57 
P72—1XP41—5)—1, —2......... 191 67 64 | 24 346 
Grand total.................| 273 04 82 | 32 | 481 
Theoretically expected... .. | 270.2 | 90.2 902.2} 302 | 481 
Ce eee oe 9 | 3 | 3 I | eT eee 
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TABLE 21.—I/ nheritance of factors (Le) and (T1) 


F2 classes and frequencies. 
















































































Cross. oe ate. area nt ng Total. 
| tir. Tp. | at. | 
(P38 —1 KP 6 — 7) — 2. oo ieee es 26 16 | 10 | 56 
(P30—5X1—P38—20—1)—1, etc.. 25 | 9 | 3 | 40 
' ——————EE a ae saad 
Ce | sr | 25 | + 13 | 06 
Theoretically expected..... 54 | 18 | 18 | 96 
MND oss itiactnn tees 9 3 ae SN SRA er hae 
TABLE 22.—I nheritance of factors (Le) and R 
| Fe classes and frequencies. 
Cross. a - Total. 
| RT. RD. WrT. 
sie | | aon 
(PsB—r P35 —7)—2. 20. eee eee] 26 17] 10 56 
(P67 —6X P13—3—3)—1, —2, —3..! 47 | 17 | 18+1? 87 
ee | ree 73 34 | 28-+1? 143 
Theoretically expected..... 80. I 26.7 | 26.7 143 
BN soi o oatetxc mean 9 3 | | ne 2) Geert. 
TABLE 23.—I nheritance of factors G and (Tl) 
| F classes and frequencies. 
Cross. ‘SMa saieicteiels ahha ‘Total. 
GTI. GA. | YT!. | 
Sd te a ree ee Te ES eee ppkaeeheceel | = 
| 
(P30o—5—1 XP38—20—1)—1....... 16 12 8 38 
P30—5—4XP38—20—1)—1P.... 15 I Not recorded. 16 
P30—5—4XP38—20—1)—1.....| Notrecorded, but rr | 14 
no indication of | 
coupling. | 
| 
Cree tote) oi oc cccccacics 31 13 19 | 68 
Theoretically expected..... 37.8 12.6 12. 6 | 68 
, ‘eis ieee 
PD Sh da nadenteantaea sigs 9 3 ce ee 2 eee 
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TABLE 24.—Inheritance of factors (Bl) and S 























| F: etc. classes and frequencies. 
Cross. Total. 
GIFs. | GIlAs. | EFs. EAs. 

Mummy X Chenille F, generation. 138 | 2 6 31 177 
F, progeny of F, double heter- | 

ener rece cr er 57 | ° 2 2I 80 

pied PONCE OE PUM) one eee 7° | 4 4 5 83 

Grand total................ 265 | 6 12 57 | 340 

Calculated on 8:1¢ basis. ... 226 | 17 | 17 64 | 324 
Calculated on no- weerepng: 

basis. . 189. 9 63.3 63. 3 21.1 338 











@ Data from Vilmorin (1913). 

b“Mummy”’ has glaucous foliage and free seeds, while “Chenille’’ has emerald foliage and adhering 
mature seeds. 

¢ Ratio of noncrossover to crossover gametes approximates 8:1. 





TABLE 25.—Inheritance of factors A and (Lf) 





| Fs, Fs, and F4 classes and frequencies. 














Reference to cross. > ‘nanan iare 7 vo ce 
WE. RpE. | WL. RpL. 
Pe MEAS. Chccnccte mua aetec omnes | 157 IOI 35 522 815 
Calculated on 7:1 basis@......... | 165.9 137.4 36. 3 469. 2 | 815 
MN ce sic cus os ic necie aha 4.6 3.8 I SROs uh n cv kere 
Calculated on no coupling........ | 51 153 153 459 | 815 
MM add ve sin Wile ele area cade aaa I 3 3 tlie 53:6 > a0 
WM wes a dd doe hace neers 67 16 16 255 354 
WME iniel Ges Deus CATs 4 OS FRRES 59 2I 26 197 | 303 
OT od Si cteec OUbheda tebe aaa 387 104 121 I, 361 1,973 
A | Sere eee 513 141 163 1, 813 | 2, 630 
Calculated on 7:1 basis4... .| 505 154 154 1,823 | 2, 636 














@ Early White-Flowered Dwarf (I. P.)’’ a French Large-Podded “(G. P.)’’ and reciprocal. 

> Data and interpretation from Hoshino (1915 

¢ First part of table represents character and of F; population. For character of other popu- 
lations, see Hoshino (1915). 

4 Ratio noncrossover to crossover gametes approximates 7:1. 
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TABLE 26.—Inheritance of factors R and (T1)¢ 





F: ,etc. classes and frequencies. 





Reference to cross. ] 
RTI. RA. WrTi. 





RT1IXWrA (Pellew)............. 1, 466 20 15 2, 065 
(P38—1XP35—7)—1 45 I ° 59 
Grand total I, 511 21 15 2,124 
i le re 1, 568. 7 16. 3 16. 3 2,233: 3 
Calculated expectancy on no- 

a anne ean ren es 1, 188 396 396 2,124 


WrT1XRA (Pellew)............. 502 270 264 1, 036 
Calculated om 63:1: ......5656500565 516. 2 257.9 257-9 F 1, 036 
Calculated expectancy on  no- 

coupling 572.3 194. I 194. I 64. 7 1, 036 























@ Data from Pellew (1913) and the writer’s own cultures. Interpretation from Vilmorin and Bateson 
(1911). 


TABLE 27.—I nheritance of factors G and O04 





F; classes and frequencies. 





GYf. TS. | Wee. 





(P21—15—1XP30—A—2)—1..... 
P21—15—1 XP30—A—2)—2..... 
P30—5—1 XP38—20—1)—1 
P30—5—4XP38—20—1) —1 (670). 
P30—5—4XP38—20—1)—1 (671). 

al lie i i Kbaog 

Ps57—2XP30—5—7)—1 

(P57-2XP30—5—7)—2 


~ 


i 
HW ONW 











Grand total 








Calculated on no-coupling. . | 109. 8 





9 








@ The question marks refer to the classifications of cotyledon color, the tendency to fade on more or less 
exposure making accurate determinations in the present case difficult. ‘The linkage in this case may - 
sibly be absolute, but data from other crosses involving these foliage and cotyledon color characters show 
undoubted cases of plants with green cotyledons and yellow foliage. Further, the writer has a race which 
breeds true to these characters. 





